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Chapter 1 
INTRODUCTION 
Four macronutrients, carbohydrates, fats, proteins and water, are 
essential in our diet. Of these, fat is obtained in two forms - visible and non-
visible. Those that are used as such at the table or for cooking are termed as 
visible fats. Invisible or hidden forms fats are those that form an integral part of 
various foods and are present in cells, cell walls and membranes of both plant 
and animal tissues (Singh, 2000). Edible vegetable oils and fats are major 
source of visible fats. They provide not only comparatively more calories (9 
kcal/g in comparison with 4 kcal/g obtained from proteins or carbohydrates) 
but also a vehicle for the transport of the fat-soluble vitamins, viz. A, D, E and 
K (Singh and Yadav, 2003). Vegetable oils supply essential fatty acids which 
are precursors of important hormones, i.e. prostaglandins (Prakash et al, 2003). 
The vegetable oils have greater proportion of polyunsaturated fatty acids and 
are more fluid than those composed of saturated fatty acids. 
The phospholipids of the vegetable oils are important for stability of cell 
membranes and their deficiency may affect satisfactory psychomotor 
development. The vegetable oils are also a good source of required ratio of 
omega-6 and omega-3 fatty acids and natural antioxidants and are known to 
reduce the risk of cardiac diseases and to enhance the quality of life (Prakash et 
al., 2001). In addition, non-edible visible oils also play an important role in 
every day life due to their value as substitutes in industries engaged in 
producing fuel, grease, hair oil, soap, lubricant, paint, varnish, etc. The seed 
meal remaining after extraction of oil is a valuable animal feed high in protein 
and may also be used as manure and as nematicide (Bharti et al., 2003). 
India is a paradise of oilseed crops. They play a key role in Indian 
agriculture. In fact, they are next to food crops in importance and occupy a 
sizable share (13%) of the country's gross crop production. Their net value 
(10%) of all agricultural products is also substantial. As far as their 
contribution to the gross national production is concerned, oilseeds have 5% 
share, and an annual turn over of Rs 60,000 crores (Hegde, 2002). India has the 
largest number of commercial varieties of oilseeds as she has vast tracts of 
arable land and diverse agro-climatic conditions. The major oilseeds include 
castor, coconut, groimdnut, linseed, niger, rapeseed-mustard, safflower, 
sesame, soybean and sunflower (Samba Murty and Subrahmanyam, 1989; 
Shukla et ai, 2000; Hedge, 2002). 
Rapeseed-mustard, or the brassicas, is the third most important, among 
oilseed crops of the world, after soybean and palm (Batra, 2000). The crop is 
cultivated in 53 countries spreading overall the 5 continents across the globe, 
covering an area of 24.2 million hectares with an average yield of 1451 kg/ha 
and net a total production of 13.1 million tonnes. Asia alone accounts for 
59.1% of the hectarage under this crop but contributes only 58.6% of the world 
average production. Of this, India has the largest area under this crop and is the 
second important producer in the world. In India, rapeseed-mustard ranks 
second after groimdnut in area and production. The crop occupies an area of 
approximately 6.81 million hectares with a production of about 6.96 million 
tonnes of seeds, mainly in northern plains, contributing 40.7% and 47.9% to the 
Asian hectarage and production and 28.3% and 19.8%, to the world hectarage 
and production, respectively. Of the total oilseed production in India, rapeseed-
mustard accounts for 27.8% fi-om a hectarage of 25.6% (Kumar, 1999; Yadava 
and Singh, 1999; Batra, 2000). In India, seven rapeseed-mustard types, 
belonging to the family Brassicaceae, are grown and account for 65% of the 
total rabi oilseed crops. These rapeseed-mustard forms include Indian mustard, 
commonly called rai or raya or laha {Brassica juncea L. Czem. & Coss), the 
three ecotypes of Indian rape Brassica rapa L. syn. Brassica campestris L. spp. 
oleifera, viz. toria, brown sarson and yellow sarson, Swede rape or gobhi 
sarson {Brassica napus L.), Ethiopian mustard or karan rai {Brassica carinata 
Braun) and taramira or tara {Eruca sativa Mill.). Of these, Brassica juncea (the 
dominant species) alongwith Brassica campestris L. and Brassica napus L. are 
the important sources of edible oil in India (Yadava and Singh, 1999). 
According to Yadava and Singh (1999) and Bajoria (2000), rapeseed-mustard 
is produced in the states of Assam (2.1%), Bihar (1.2%), Gujarat (7.1%), 
Haryana (13.4%), Madhya Pradesh (10.1%), Punjab (1.7%), Rajasthan 
(39.9%), Uttar Pradesh (18.8%) and West Bengal (4.2%). 
The average yield of rapeseed-mustard in India (1022 kg/ha) is far 
behind the averages of other countries, like Canada-1288 kg/ha, China-1405 
kg/ha, Germany-3096 kg/ha, UK-3231 kg /ha and France-3528 kg /ha 
(Kumar, 1999). 
The history of oilseed production and consumption in India is a story of 
paradoxes. We were supposedly self-sufficient imtil the Second World War. 
This was due to comparatively low population count compounded by very low 
per capita consumption as the purchasing power of the masses was inadequate 
even to buy their minimal nutritional requirement of 12 kg/capita/year of oils 
and fats. The availability of these commodities did in9rease considerably as a 
result of enhanced productivity of the new HYV's leading to the so-called 
"Yellow Revolution" (on the pattern of the earlier attained "Green Revolution" 
concerning cereal productivity) as a result of the concerted efforts of farm 
scientists and the liberal grant of subsidies to farmers for purchase of inputs, 
including fertilizers. None-the-less, the continuous exponential growth of 
population offset the situation so much towards the close of the 20* century 
that, inspite of the reasonably enhanced purchasing power of the consumer the 
average consumption of oils and fats (a meager 8.2 kg/capita/year) was still 
much short of the minimal requirement (12 kg/capita/year). 
The requirement of fats and oils will increase further in view of the still 
increasing population coupled with improved standard of living of our people 
in the 21*' century. Even today, the Government of India is compelled to import 
huge quantities of edible oils (more than one million tonnes every year) to fill 
up the gap between production and consumption (Batra, 2000). Moreover, 
Indian rapeseed-mustard oil and cake are inferior to those of many other 
countries mainly for two reasons. First, rapeseed-mustard varieties commonly 
grown in India contain 40-50% erucic acid in the seed, far in excess of the 
desired upper limit of less than 2%. It is believed that consumption of high 
erucic acid containing oil may lead to cardiac malfunctioning. Secondly, the 
presence of high amount^ of sulphur compounds (glucosinolates) to the extent 
of 80-160 micro molecules/g against the desired level of less than 30 micro 
molecules/g in the oil-free meal or oil cake as they are considered the 
precursors of goitrogenic chemicals (Pachauri, 2001). 
The problem of low production of rapeseed-mustard in India may be 
traced to several factors. These include (i) more than 75% of the Indian 
farmers own small or marginal holdings of less than two hectares, (ii) the 
oilseeds are grown, generally, on rainfed and poor quality land, whereas 
farmers grow cereals such as wheat and rice on irrigated and good quality land, 
(iii) only 15% of the area under oilseeds is under irrigation compared with 72% 
under wheat and 44% under rice, (iv) most farmers are ignorant of the 
techniques of cultivation of high yielding varieties, post harvest technology and 
proper processing facilities, (v) pests and diseases reduce the yields further as 
oilseeds are more prone to these, (vi) prevalent low temperature adversely 
affects flower bud development and thereby lowers seed yield and (vii) lack of 
knowledge of the precise dose of fertilizers recommended by the Agriculture 
Department for a particular cultivar and region (Siddiqui, 1999; Batra, 2000; 
Khan, 2000). 
In view of the low productivity, coupled with increasing domestic and 
industrial demand, it is necessary to bring about vertical growth essentially as 
also horizontal growth where possible. Further, the wide gap in yields between 
improved techniques, and farmers' practices needs to be narrowed to get 
enhanced productivity and production (Kumar. 1999). 
Keeping this in view, the Central Government has been launching 
various programmes. For example, a Technology Mission on Oilseeds was set 
up in May 1986 to harness the potential of oilseed production, integrated with 
better processing and management technologies so as to achieve self-
sufficiency in meeting oilseeds demand. Recently a scheme 'Oilseeds 
Production Programme (OPP)' has been sanctioned by the government up to 
the EX five year plan and is likely to continue during the X five year plan with 
the objective to increase the production of oilseeds in the country to achieve 
self sufficiency. Efforts are being made at various Indian Council of 
Agricultural Research (ICAR) laboratories and State Agriculture Universities 
to radically improve the quality of rapeseed-mustard cultivars. The Tata Energy 
Research Institute also initiated efforts in this direction and developed several 
improved quality strains of rapeseed-mustard, which have low erucic acid 
content. Also, the Advanta India Ltd. (a Holland based multinational company) 
has developed a strain (Hyola PAC-401 which is a "00" type rape) and 
introduced it for cultivation for India (Batra, 2000; Pachauri, 2001). 
Thus, by the extensive work in the field of oilseeds, oilseeds researchers 
have been able to develop and introduce several improved quality cultivars for 
various agro-climatic regions of the country. However, it may be emphasized 
that these improved cultivars require large quality of fertilizers for th^r 
optimum performance. The majority of the Indian farmers is; however, either 
ignorant of the fact or so poor (or both) that they do not apply the required 
quantity of fertilizer and other inputs. On the other hand, even when the full 
dose of fertilizers is applied basally as single application, much of it is rendered 
imavailable to plants due to many factors. For example, up to 50% of the 
applied nitrogen may be lost through leaching, decomposition, volatilization, 
etc. (Anonymous, 1971; Dejoux, 2003) and up to 70% of the phosphorus, by 
fixation (Russell, 1950; Gikaara et al., 2004). Under such conditions, 
supplemental application of the nutrients as split doses (top-dressing or foliar 
spray) may be helpful. Moreover, use of inexpensive source of nutrients may 
help in their economic cultivation (Wittwer and Teubner, 1959; De, 1971; 
Afiidi and Wasiuddin, 1979; Kannan, 1986; Mohammad, 1989; 1994; Patnaik, 
2003). 
It was, therefore, decided by the present author to undertake four field 
experiments on newly released high yielding cultivars of rapeseed-mustard, 
including erucic acid free ones. 
The first experiment was of an exploratory nature and was planned to 
analyze and compare the performance of seven cultivars (including erucic acid 
free) of rapeseed-mustard grov^n with a uniform recommend dose of nutrients 
under local agro-climatic conditions. 
The second experiment was planned on the three best performing 
cuhivars of rapeseed-mustard of Experiment 1 selected on the basis of the data 
for seed and oil yield and fatty acid composition of oil to determine the best 
combination of basal nitrogen and phosphorus for each of the three selected 
cultivars of rapeseed-mustard under local conditions. 
Keeping their sulphur-rich nature in view, the third experiment was 
aimed whether the productivity of the selected rapeseed-mustard cultivars 
could be maximized by inclusion of sulphur in the basal treatment containing 
nitrogen and phosphorus determined in Experiment 2. 
The fourth experiment was planned (i) to test whether or not the 
productivity of the selected three cultivars (Experiment 2) could be improved 
by exploiting the technique of foliar application and (ii) to examine if addition 
of a small quantity of sulphur in the spray containing nitrogen and phosphorus 
could enhance the yield further. 
The present chapter is followed by a brief review of relevant available 
literature on recently released high yielding rapeseed-mustard cultivars 
(Chapter 2). It is followed by the details of the description of the agro-climatic 
conditions of Aligarh where the study was undertaken and the methodology 
adopted (Chapter 3). The details of the data, analyzed statistically according to 
the design of each experiment, are presented in Chapter 4 and discussed m 
Chapter 5 in the light of the results of other workers. Chapter 6 consisted of the 
summary of the thesis and is followed by Bibliography containing an up-to-
date list of references. 
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Chapter 2 
REVIEW OF LITERATURE 
2.1 Introduction 
The importance of rapeseed-mustard in Indian agriculture has already 
been described briefly (Chapter 1). Various aspects of crop that require more 
detailed consideration are considered below. In addition, some attention has 
also been given to nitrogen, phosphorus, potassium and sulphur as plant 
nutrients and to their commonly available sources and to various methods of 
application of these fertilizers. 
2.2 Rapeseed-mustard 
In India, rapeseed-mustard, like other crops, has been cultivated from 
pre-historic times. Since then, efforts have been made to improve their genetic 
make-up and method of cultivation. As a result, considerable literature is 
available regarding various aspects of this crop. In the following pages, an 
effort has been made to review the available literature on general aspects and 
on the mineral nutrition of these plants. 
2.2.1 Nomenclature 
Under the names rapeseed and mustard, several oilseeds belonging to 
the Brassicaceae syn. (Cruciferae) are grown in India. These are divided into 
four groups to avoid confusion. 
1. Brown mustard, commonly called rai {raya or laha). Brassica juncea 
(L.) Czem. & Coss 
2. Sarson 
(a) Yellow sarson - Brassica campestris L. var. sarson Prain 
(b) Brown sarson - Brassica campestris L. var. dichotoma watt 
3. Toria (Lahi or Maghi Labi) - Brassica campestris L. var. toria Duth. 
4. Taramira or tara (Eruca saliva Mill.). 
Sarson and toria are commonly known as rapeseed and rai as mustard. 
However in trade, taramira and in world statistics, turnip rape (Brassica napus 
L.) and oilseed rape {Brassica oleracea L.) are also included under 'rapeseed' 
(Baranyk and Fabry, 1999; Reddi, 2003). 
2.2.2 Botanical description 
Rapeseed-mustard includes annual herbs. Root, in general, is long and 
tapering tap root. Stem is erect, much branched with variable height ranging 
from 0.45 m to 1.75 m. Lower leaves are petiolate, upper leaves are sessile, 
variously lobed, more or less entire, glabrous or with few bristly hairs. The 
inflorescence is a corymbose raceme. Flowers are orange to pale yellow, 
actinomorphic, hermaphrodite and hypogynous with four petals spread out in 
the form of a Greek cross. The flowers bear six stamens with^tetradynamous 
condition and a bicarpellary syncarpous superior ovary having parietal 
placentation. The fruit is a siliqua (Reddi, 2003). 
2.2.3 Classiflcation 
Adopting the system of classification of Bentham and Hooker (1862-
1883), all aforesaid oil producing species could be classified as follows: 
Kingdom: Plant Kingdom 
Division: Phanerogamia 
Sub-division: Angiospermae 
Class: Dicotyledons 
Sub-class: Polypetalae 
Series: Thalamiflorae 
Order: Parietales 
Family: Crucieferae 
Genus: Brassica 
However, it may be added that the current name of the family is Brassicaceae 
(Cronquist, 1981) and the recent classification is therefore: 
Kingdom - Plantae - Plants 
Subkingdom - Tracheobionta - Vascular plants 
Superdivision - Spermatophyta - Seed plants 
Division - Magnoliophyta - Flowering plants 
Class - Magnoliopsida - Dicotyledons 
Subclass - Dilleniidae 
Order - Capparales 
Family- Brassicaceae - mustard family 
Genus - Brassica 
2.2.4 Origin 
Brassica juncea L. was originally introduced into North-eastern India^ 
from China. It later got extended into Afghanistan via the Punjab. Eastern India 
is one of the independent centers of origin of Brassica campestris L. Taramira, 
is a relatively recent introduction into India. Taramira is believed to be native 
of southern Europe and North Africa (Reddi, 2003). Brassica napus L. is a 
latest introduction into India. Its origin is obscure, but were initially proposed 
to involve natural interspecific hybridization between the two diploid species 
Brassica oleracea L. and Brassica rapa L. (syn. campestris). Northern Europe 
is supposed to be the centers of its origin (OECD, 1997). 
2.2.5 Distribution 
The crop is grown both in subtropical and tropical countries. In Asia, it 
is chiefly grown in China, India and Pakistan. It is also grown in Canada, 
Europe and Russia, but the forms of rapeseed-mustard grown there are different 
from those grown in India. India occupies the first position, both with regard to 
acreage and production of rapeseed-mustard in the world. The chief states 
producing them are Assam, Bihar, Haryana, Madhya Pradesh, Orissa, Punjab, 
Rajasthan, Uttar Pradesh and West Bengal (Reddi, 2003). 
2.2.6 Climate and soil 
The rapeseed-mustard crop is of the tropical as well as of the temperate 
zones and requires relatively cool temperatures for satisfactory growth. In 
India, this is grown in the 'rabi' (winter) season from September-October to 
February - March. The crop grows well in areas having 25-40 cm of rainfall 
annually and thrives best in light to heavy loams (Reddi, 2003). 
2.2.7 Cultivation 
A finely prepared seed-bed is required to ensure good germination. 
When sown pure, 5 kg seeds per hectare are required for direct sowing of 
varieties of all rapeseed-mustard. Whenever, moisture in the field is 
inadequate, the seeds are mixed with moist soil and kept overnight. For 
distributing evenly, seeds are usually mixed with sand before sowing. Seeds are 
sown at a depth of 4 to 5 cm in line, 30 cm apart with a drill or behind the 
plough. Thinning is done three weeks after sowing to maintain a plant-to-plant 
distance of 10 to 15 cm. 
The entire quantity of applied fertilizer, particularly nitrogen, is drilled 
before sowing. Under irrigated conditions, doses of 40, 60 and 80 kg N/ha are 
considered optimum for toria, sarson and raya respectively. However, under 
rainfed conditions, 40 kg N/ha is optimum for all rapeseed-mustard varieties. 
Two irrigations, one at flowering and other at pod formation, result in 
maximum yield in rapeseed-mustard (Reddi, 2003). 
Plants are generally harvested before fiiiits are fiilly ripe to reduce 
shattering. Harvesting is usually performed in early morning. Threshing is done 
by beating with a wooden stick the seed-bearing part of the plants taken in 
convenient bundles or by trampling them under the feet of bullocks. 
Winnowing is done with the help of natural air current by slowly dropping the 
threshed produce from a basket held shoulder high (Reddi, 2003). 
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2.2.8 Uses 
The leaves of young plants are used as a green vegetable. The seed and 
oil are used as a condiment in the preparation of pickles and for cooking and 
flavouring curries and vegetables. Seeds yield oil which is the main cooking 
medium in northern India and can not be replaced by any other edible oil. The 
oil may also be used as an illuminant and lubricant, for soap manufacture and 
in the production of erucic acid used in turn in the manufacture of other 
chemicals. The oil is also used for massages, among others, in rheumatism and 
stiff joints. 
2.3 Inorganic plant nutrition 
Inorganic ions obtained from the soil having specific and essential 
functions in plants are called mineral nutrients and their absorption, 
translocation and metabolism^refer to as mineral nutrition. In the following 
pages, a brief idda of history of mineral nutrition and of their sources as well as 
their main physiological roles in plants, particularly those demanded in 
relatively large quantities (nitrogen, phosphorus, potassium and sulphur) has 
been given. Moreover, methods of nutrient application and the effect of the 
exogenously applied nutrients on performance of rapeseed-mustard are also 
visualized. 
2.3.1 Brief history 
The antiquity of plant nutrition can be traced back from the time of 
Democritus of Abdera (460-360 BC). He added: "Mother earth when fructified 
by rain gives birth to crops for the nourishment of man and beast. But that 
which came from earth must return to earth and that which came from air to air. 
Death, however, does not destroy matter but only breaks up the union of its 
elements which are then recombined into other forms". Aristotle (384-322 BC) 
assumed: "Plants assimilate organic matter from the roots". Pliny (23-79 BC) 
concluded: "It is universally agreed by all writers that there is nothing more 
beneficial than to turn up a crop of lupines, before that have podded, either with 
11 
the plough or the fork, or else to cut them and bury them in heaps at the roots 
of trees and vines". While the use of manure continued in medieval times, there 
were no theoretical contributions to plant nutrition until the Renaissance. 
Palissy (1510-1589) proposed the concept that manxiring was to replace 
substances lost by crop removal. Van Helmont (1577-1644) attributed plant 
growth to water. Woodward (1665-1728) drew the attention to the importance 
of terrestrial matter for plant growth. Glauber (1604-1655) and Plattes (1600-
1655) analyzed salts such as wood ash, limestone and saltpetre (potassium 
nitrate) on plant growth and invented a chemical fertilizer called "flattening 
salt" (Russell, 1926; Browne, 1943). Despite the ever-prevalent belief that 
humus (organic matter) was the entire source of plant nutrients, i.e. in the 
'Humus Theory' of Aristotle, it was critically examined by de Saussure (1767-
1845). He claimed the importance of nitrogen for plant growth. He believed 
that nitrogen is obtained wholly by absorption of soluble organic substances 
present in the soil. However, in the early 19* century, Liebig (1803-1873) 
assumed that nitrogen is absorbed from the air (not from humus). He gave the 
theory of the mineral nutrition of plants (Browne, 1943; Bould, 1963). 
However, more meaningful developments in plant nutrition began in the 
1960s with Sachs, Knop, Pfeffer and others, who began the practice of growing 
plants in artificial media chiefly in water culture, to determine the elementsv^ 
essentialiyfor the growth of plant, (Gauch, 1972). 
The contribution of plant nutrition as a science bloomed in the 20"" 
century. In due course of time, different researches, using sophisticated 
analytical techniques, were able to demonstrate the essentiality of seventeen 
elements for plant growth and development. These essential plant elements are 
listed below according to their concentration in the tissue of higher plants in 
decreasing order: hydrogen, carbon, oxygen, nitrogen, potassium, calcium, 
magnesium, phosphorus, sulphur, chlorine, iron, boron, manganese, zinc, 
copper, nickel and molybdenum (Salisbury and Ross, 1992; Marschner, 2002). 
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2.3.2 Physiological roles of nitrogen, phosphorus, potassium and sulphur 
Each essential plant nutrient plays a specific role in the plant. As 
nitrogen, phosphorus and potassium are removed by most crops (as also 
sulphur, by Brassica crops) in relatively large quantities, they are considered 
here individually in some detail. 
2.3.2.1 Nitrogen 
Nitrogen represents the mineral nutrient required in the largest quantities 
(1-3% on dry weight basis) by plants and is most limiting where maximal 
biomass production is desired (Salisbury and Ross, 1992; Hell and Hillebrand, 
2001). It is taken by plants as nitrate ions (NOs"), ammonium ions (NHt"^ ) and 
urea (Samuel et al, 1997; Forde and Clarkson, 1999; van Wiren et al, 2000). 
Nitrogen is reduced and incorporated into many essential compounds, such as 
amino acids, proteins, enzymes, nucleic acids, plant growth regulators, 
vitamins and chlorophyll (Bandurski, 1965; Beevers and Hageman, 1969; 
Devlin and Witham, 1986; Marschner, 2002). Under conditions of nitrogen 
deficiency, characteristic phenotypes result with pale mature leaves and after an 
elongation of roots which in turn decreases shoot: root ratio. The leaves and 
young fruits tend to drop prematurely (Salisbury and Ross, 1992; Hell and 
Hillebrand, 2001). 
Excess supply of nitrogen leads to delayed ripening by encouraging 
more vegetative growth. The leaves aquire dark green colour and become thick 
and leathery. Root system is feebly developed and results in low shoot: root 
ratio. It delays reproductive growth and may affect adversely fruit and grain 
quality. The plants become more liable to attack of pests and diseases (Black, 
1973; Devlin and Witham, 1986; Salisbury and Ross, 1992; Scheible et al, 
1997; Zhang et al, 1999; Marschner, 2002). 
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2.3.2.2 Phosphorus 
Phosphorus occurs in plants at 0.1 - 0.4% on dry weight basis. It is 
absorbed by plants from the soil as monovalent (H2P04~) and 
divalent (HP04~ ~) ions. Phosphorus is an essential structural constituent of 
metabiologically active compounds, like nucleic acids, phospholipids, phytin, 
nicotinamide adenine dinucleotide, nicotinamide adenine dinucleotide 
phosphate, adenosine triphosphate, pyridoxal phosphate, nucleoproteins, purine 
and pyrimidine nucleotides and flavin nucleotide (Devlin and Witham, 1986; 
Hell and Hillebrand, 2001; Salisbury and Ross, 1992; Marschner, 2002). It 
plays an important role in photosynthesis, respiration, regulation of a number 
of enzymes and disease resistance (Tamhane et al, 1970; Raghothama, 1999). 
Deficiency of phosphorus leads to increased root: shoot ratio, changes in 
root morphology and architecture, increased root hair proliferation, root hair 
elongation, accumulation of anthocyanin pigments, proteoid root formation and 
increased association with mycorrhizal fungi, shedding of prematured leaves 
and delay in flowering and fruiting (Ragothama, 1999). It also causes a 
decrease in photosynthesis (Hewitt, 1963). Excess supply of phosphorus results 
in increased root growth compared with shoot growth (Tamhane et al, 1970). 
2.3.2.3 Potassium 
Potassium (K )^ is the most abundant cation in plants (up to 10% on dry 
weight basis). It plays a role in basic functions, such as osmoregulation, 
electrical neutralization of anionic groups and control of cell membrane 
polarization (Clarkson and Hanson, 1980; Maathuis and Sanders, 1996). A 
large number of enzymes is either completely dependent on or stimulated by 
potassium (Suelter, 1970). It is also essential for most metabolic processes, 
including glycolysis, oxidative phosphorylation and adenine synthesis (Evans 
and Sorger, 1966). Potassium plays an important role in tissue hydration and 
thus helps in opening and closing of stomata (Fischer and Hsiao, 1968; Humble 
and Hsio, 1969; Webb and Mansfield, 1992). 
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Potassium-deficient plants exhibit chlorosis (loss of green colour) along 
the leaf-margins or tips starting with the bottom leaves and progressing up the 
plant. The plants are stunted with little vigour and branches have weak stalks. 
This is accompanied by reduced grain size and yield. It also causes a decrease 
in photosynthesis and protein synthesis (Hewitt, 1963; Marschner, 2002). 
2.3.2.4 Sulphur 
Sulphur is required at 0.1-1.0% (on a dry weight basis) for growth and 
development. Sulphur is mainly taken up by plants via the roots from the soil 
solution and transolcated symplastically through endodermal cells to the stele 
for distribution to the various plant tissue (Cacco et al., 1980; Grossman and 
Takahashi, 2001). Plant canopies are a strong sink for deposition of 
atmospheric sulphur dioxide, which enters mainly through the stomatal 
apertures (Faller, 1972; Taylor and Tingey, 1983 ; 01s2yk and Tingey, 1985; 
Baldocchi, 1993). 
Up to 90 per cent of the total sulphur is present in most plants as 
cysteine and methionine that in turn are predommantly bound in protein 
(Giovanelli, 1990). Reduced sulphur is required in the function of cofactors, 
such as acetyl coenzyme A, thiamine, biotin and lipoic acid. The sulphur 
containing tripeptide glutathione is involved in the regulation of protein 
synthesis (Kranner and Grill, 1996) and in the compensation of various forms 
of stress (Rennenberg and Brunold, 1994). Both functions of glutathione are 
highly significant for the survival of plants in a stressful environment. Sulphur-
containing plant secondary compounds, like allin and isothiocyanate 
derivatives can be important for phytomedical applications (Fahey and Talaly, 
1995; Sendle, 1995; Stoner, 1995). 
The deficiency of sulphur leads to pale-green young leaves, while 
mature leaves remain dark-green. This phenomenon is different from the 
symptoms of nitrogen and phosphorus deficiency. Stems become abnormally 
long and develop woodiness. Sulphur deficiency leads to amino acid, as well as 
other nitrogen containing compounds and starch accumulation in the tissues, 
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increased proteolytic activity, decreased protein and oil production and 
photosynthetic process and delay in flowering (Burke et al., 1986; Devlin and 
Whitham, 1986; Dietz, 1989; Hell, 1997; Marschner, 2002). 
2.3.3 Sources of nitrogen-, phosphorus-, potassium- and sulphur-
containing fertilizers 
In modem agriculture system, it has, imperative to add a sufficient 
amount of these nutrients every year for raising agricultural production. For 
nitrogen, anhydrous ammonia, ammonium sulphate, ammonium chloride, 
ammonium nitrate-sulphate, ammonium nitrate with lime, ammonium 
phosphate-sulphate, ammonium polyphosphate solution, ammonium 
thiosulphate solution, calcium nitrate, potassium nitrate, sodium nitrate, urea, 
urea-sulphate, urea-ammonium nitrate, urea-ammonium phosphate and urea 
phosphate are the chief sources. Single superphosphate, nitric phosphate, 
diammonium phosphate, apatite and calcium phosphate are dominant sources 
of phosphorus. Inositol phosphate (esters of orthophosphoric acid), 
phospholipids, nucleic acids, phosphate sugars are applied as organic 
phosphorus sources. Muriate of potash (potassium chloride), potassium 
sulphate, potassium magnesium sulphate, potassium nitrate, potassium 
phosphate, potassium carbonate, potassium hydroxide, potassium thiosulphate 
and potassium polysulphate are the principal potassium fertilizers. The sources 
of sulphur comprise ammonium bisulphite, ammonium nitrate-sulphate, 
ammonium phosphate sulphate, ammonium polysulphide, ammonium sulphate, 
ammonium thiosulphate, ferrous sulphate, gypsum, magnesium sulphate, 
potassium sulphate, pyrite, potassium-magnesium sulphate, potassium 
thiosulphate, potassium polysulphide, sulphuric acid (100%), sulphur, sulphur 
dioxide, single super phosphate, triple superphosphate, urea-sulphur, urea-
sulphuric acid and zinc sulphate (Miller and Donahue, 1990; Tandon, 1993; 
Tisdale e/a/., 1993). 
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2.3.4 Methods of fertilizer application 
Under natural conditions, plants grow in soil and obtain nutrients from it 
through their root system. However, continuous cultivation results in depletion 
of nutrients in soil. Under such conditions, application of nutrients to soil 
becomes inevitable to ensure good harvest. Nutrients may also be applied 
through foliage, when immediate demand of a particular nutrient to the crop is 
apparent. The various methods of nutrient application to soil and foliage are 
briefly described below. 
2.3.4.1 Soil application 
Nutrients are applied to the soil in various ways irrespective of position 
of seed, seedling or the growing plant before, at or after sowing or on 
transplantation. The important ones, as described by Miller and Donahue 
(1990), are summarized below. 
2.3.4.1.1 Gaseous fertilizer application 
Anhydrous ammonia, which supplies nitrogen, is the only gaseous 
fertilizer used. Anhydrous ammonia is typically stored in a liquid form, most 
commonly under pressure, and to a lesser degree, under refrigeration. 
Anhydrous liquefied ammonia is applied to the soil at 10 to 15 cm depth (or 
even deeper in sandy soils). It vaporizes quickly but is captured by several 
components in the soil, including water, clay and other minerals. 
2.3.4.1.2 Fertilizer application in irrigation water 
Gaseous and solid fertilizers could be metered into the irrigation water. 
Sprinkler irrigation system is suitable and encourages better use of fertilizers 
dissolved in water. 
2.3.4.1.3 Banding 
In this method, fertilizer is applied slightly below and to one side of the 
seed. This method is best for those crops that are grown in rows. 
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2.3.4.1.4 Broadcasting 
Fertilizers are applied uniformly across the entire soil surface. 
2.3.4.1.5 Strip placement 
Over-application of fertilizers and poor application methods have an 
adverse effect on our environment. Strip fertilizer placement can help 
producers improve conservation while increasing the efficiency and 
effectiveness of their fertility programme. This method of fertilizer 
management can ensure higher level, of production and profitability as it 
ensures maximum uptake and crop response. 
2.3.4.1.6 Top-dressing 
In this method, supplemental fertilizer is applied to the soil surface after 
the crop has grown to a pre-determined stage. 
2.3.4.1.7 Side dressing 
Fertilizer is applied to the growing crop either as a surface placement or 
a shallow banding. 
2.3.4.2 Foliar application 
This method of nutrient application refers to the spraying on leaves of 
growing plants suitable dilute solution of nutrient/s. Foliar application may be 
preferred under conditions, including nutrient deficiencies observed during 
early stage^ , unfavourable physical and chemical condition of soil and drought 
A 
during. 
2.3.5 Applied nutrients and rapeseed-mustard performance 
Rapeseed-mustard, like other crops, responds to exogenously applied 
inputs, including nutrients. In the following pages, relevant available recent 
publications on performance of rapeseed-mustard to nutrients related to 
absorption and utilization of nitrogen, phosphorus, potassium and sulphur, 
applied through soil and foliage, have been reviewed. As the present study is 
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planned to be carried out in India, most of the references included are of Indian 
origin. 
Bali et al. (1992) conducted a field experiment on Brassica juncea cv., 
KOS 1 and EC 132142 at Shalimar (Jammu and Kashmir). They applied N:P:K 
rates of 30:6.5:8.5, 60:13:17 or 90:20:25 kg/ha. Of these N:P:K combinations, 
60:13:17 kg/ha proved best as far as seed yield was concerned. 
Ghatak et al.y^{\992) performed a field experiment on Brassica juncea 
cv. RW 85-59 at Mohanpur (West Bengal). They applied three levels of 
nitrogen (0, 80, 160 kg N/ha). They reported highest seed yield with 160 kg 
N/ha. Applied nitrogen also increased seed oil content. 
Mohan and Sharma (1992) performed a field experiment on Brassica 
juncea cv. Pusa Bold at Sabour (Bihar). They applied O, 25, 50, 75 or 100 kg 
N/ha and 0, 25, 50, or 75 kg S/ha. They reported that seed yield increased up to 
75 kg N/ha and 50 kg S/ha. A further addition of 25 kg N/ha and 25 kg S/ha 
decreased seed yield. Oil yield followed a similar pattern. 
Prasad and Shukla (1992, 1993) carried out a field experiment on 
Brassica juncea cv. Varuna at Varanasi (Uttar Pradesh). They applied three 
doses each of nitrogen (0, 40, or 80 kg N/ha) and potassium (0, 30 or 60 kg 
K2O, i.e. 0, 25 or 50 kg K/ha) either all at sowing or in 2 equal splits, at sowing 
and 40 days after sowing (DAS). They noted that seed yield increased with 
increase in nitrogen rate and was highest with application of 80 kg N + 60 kg 
K2O (50 kg K/ha). Nitrogen, phosphorus and potassium yields in seed and 
straw were also higher with 80 kg N + 50 kg K/ha. 
Rathore and Manohar (1992) studied the effect of graded levels of 
nitrogen and sulphur (0, 30, 60, 90, 120, 150 or 180 kg N/ha and 0, 80, 160, 
240, 320, or 400 kg S/ha) on nitrogen content in different plant parts of mustard 
{Brassica juncea cv. T-59) at Jobner (Rajasthan). They found that nitrogen 
concentration in whole plant, leaf 2-3, leaf 4-5 and in top one-third of the plant 
increased with increase in applied nitrogen and sulphur. 
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Tripathi and Singh (1992) conducted a field experiment on two cultivars 
of Brassica juncea, viz. Varuna and NDR 8501 at Faizabad (Uttar Pradesh). 
They applied four levels of nitrogen (0, 40, 80, or 120 kg N/ha). Nitrogen, 
phosphorus and potassium uptake and seed protein content generally increased 
with nitrogen rate, while seed oil content decreased. Generally NDR 8501 
proved superior to Varuna. 
Dubey and Khan (1993 a, b) and Dubey et al. (1994) conducted a field 
trial on Brassica juncea cv. Varuna at Powarkheda (Madhya Pradesh). They 
applied four doses of nitrogen (0, 30, 60 or 90 kg N/ha) and six levels of 
sulphur, viz. 0, 10, 20, 30, 40 or 50 kg S/ha. They noted that dry matter 
production per plant, plant nitrogen content and uptake, seed sulphur content 
and total sulphur, seed yield and seed protein content increased with increasing 
levels of nitrogen. Oil content was decreased by nitrogen application. 
Increasing levels of sulphur up to 30 kg S/ha increased dry matter production 
per plant, plant nitrogen content and seed yield and up to 20 kg S/ha, nitrogen 
uptake. Sulphur application up to 40 kg S/ha improved seed-sulphur and oil 
content. Increasing levels of sulphur enhanced total sulphur and protein content 
linearly. 
Khanpara et al. (1993a, b) carried out a field experiment on Brassica 
juncea cv. Kranti at Udaipur (Rajasthan). They gave nitrogen at 0, 20, 40 or 60 
kg N/ha and sulphur at 50, 100, 150 or 200 kg S/ha. Sulphur was applied as a 
full rate of elemental sulphur 21 days before sowing or as 50 kg gypsum + the 
remaining as elemental sulphur at the time of sowing. Dry matter production 
per plant, leaf area index at 50% flowering, number of primary and secondary 
branches per plant and seed yield per hectare increased with increasing rate of 
nitrogen application. Addition of sulphur up to 100 kg S/ha increased leaf area 
index, plant height, number of primary and secondary branches per plant and 
seed yield. They also noted that growth parameters and seed yield were not 
affected by source or time of sulphur application. 
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Shukia and Kumar (1993), working at Pantnagar (Uttaranchal), applied 
four levels of nitrogen (0, 40, 80 or 120 kg N/ha) to six cultivars of Brassica 
juncea viz., Kranti, Krishna, Pusa Bold, Rohini, Vardan and Varuna. 
Application of nitrogen increased crop growth rate, relative growth rate, leaf 
area ratio, leaf area index, seed yield but decreased oil content. Relative growth 
rate and leaf area ratio were not significantly different between cultivars, while 
net assimilation rate was highest in Vardan. Cultivars Kranti, Vardan and 
Kishna accumulated more dry matter in stem. Nitrogen content in stem and 
seeds was highest in Vardan, with remaining cultivars being at par. Cultivar 
Vardan proved superior in seed yield, whereas Rohini and Pusa Bold gave the 
lowest seed yield. Seed oil content was highest in Vardan and lowest in Rohini. 
Arora et al. (1994) conducted a field experiment on Brassica juncea cv. 
Varuna at Gwalior (Madhya Pradesh). They applied four levels each of 
nitrogen (0, 30, 60 or 90 kg N/ha) and sulphur (0, 20, 40 or 60 kg S/ha) in all 
possible combinations. Of these, 90 kg N + 40 kg S/ha proved best for seed 
yield. Seed oil content increased significantly up to 30 kg N/ha and fiirther 
raise caused a reduction up to 90 kg N/ha. However, a linear increase in oil 
content was observed with increasing levels of sulphur. Seed allylisothiocynate 
content increased steadily with each increase in level of nitrogen and sulphur. 
Iodine value of mustard oil increased with increasing levels of nitrogen and 
decreased with every increase in the level of sulphur. 
Bikram et al. (1994 a, b, c) performing a field trial at Hisar (Haryana), 
applied four levels of nitrogen (0,40, 80 or 120 kg N/ha) to Brassica juncea cv. 
RH-30, Brassica carinata cv. HC2 and rape cv. Midas 2. Leaf area index, leaf 
area duration, crop growth rate, yield and yield components, protein 
concentration, iodine value, sinigrin and glucosinolate increased with 
increasing nitrogen rate. Oil yield increased with up to 80 kg N/ha. However, 
oil concentration decreased with increase in nitrogen rate. Regarding Brassica 
species, Brassica carinata followed by rape, proved superior. Rape had the 
highest concentration of oil but lowest oil yield. Protein concentration and 
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iodine value were highest in Brassica carinata and lowest in rape. Sinigrin and 
glucosinolate concentration was in the order Brassica carinata > Brassica 
juncea > rape. 
Mohammad (1994) conducted a field experiment on Brassica juncea cv. 
Varuna at Aligarh (Uttar Pradesh). He applied foliar spray of phosphorus at 2 
kg PAia as sodium dihydrogen orthophosphate, diammonium phosphate or 
monocalcium superphosphate, in 2 equal splits at 70 and 90 DAS. Phosphorus 
spray enhanced seed and oil yield, but no significant difference in the effect of 
the three sources of phosphorus was noted. He concluded that the less 
expensive and easily available commercial-grade monocalcium superphosphate 
could be preferred for spray to increase profits. 
Pradhan et al. (1994) performed a field experiment at Cooch Behar 
(West Bengal). They applied nitrogen at 0, 40, 80 or 120 kg/N/ha and 
phosphorus at 0 or 40 kg P2O5 (17 kg P)/ha to three cultivars of rape, viz. B 9, 
B 85 and RW 351. Seed yield increased significantly up to 90 kg N and by the 
application of 17 kg P/ha. Seed yield was positively correlated with plant 
height, number of primary branches per plant, LAI, CGR, number of siliquae 
per plant and number of seeds per siliqua. There were no yield differences 
between cultivars, but RW 3^1 had maximum number of siliquae per plant and 
B 9 excelled in number of seeds per siliqua. 
Arthamwar et al. (1995, 1996 a, b) performed a field experiment at 
Parbhani (Maharashtra). They applied three levels each of nitrogen (0, 50 or 
100 kg N/ha) and phosphorus (0, 40 or 80 kg P2O5 i.e. 0, 17 or 35 kg P/ha) to 
four cultivars of Brassica juncea, viz. Pusa Bold, PR 18, T 59 and Local. They 
noted that leaf area, dry matter, nitrogen and phosphorus uptake, yield 
components, seed yield and oil yield increased with increase in the rate of 
nitrogen and phosphorus fertilizers. Graded levels of phosphorus application 
also increased oil content linearly. Regarding cultivars, it was noted that leaf 
area was higher in improved cultivars than in the Local cultivar. Pusa Bold 
proved best for most parameters, including seed and oil yield. 
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Thakral et al. (1995, 1997), working at Hisar (Haryana), applied 75, 100 
or 125% of the recommended nitrogen and phosphorus rates of 80 kg N + 30 
kg P2O5 (13 kg P)/ha to Brassica juncea cv. RH 781, Brassica napus cv. N 20-
7-1 and Brassica carinata cv. C 6YS-7-B. In general, leaf area index, leaf area 
duration and crop growth rate increased with increasing rate of nitrogen and 
phosphorus application and they were higher in Brassica carinata. They also 
found that, the increasing levels of fertilizers significantly affected the fatty 
acid composition. Fatty acid content varied between species. 
Dalai et al. (1996), working at Bhubaneswar (Orissa), studied the effect 
of four levels of nitrogen (0, 25, 50 or 75 kg N/ha) on Brassica juncea cv. Pusa 
Bahar. They found that 75 kg N/ha gave the highest seed yield and seed protein 
content increased and seed oil content decreased with increasing nitrogen 
levels. 
Kakatia and Kalita (1996) performed a field trial at Jorhat (Assam) to 
study the effect of nitrogen fertilizer application (0, 25, 50, 75 or 100 kg N/ha) 
on yield components of three cultivars oi Brassica juncea, viz. Varuna, Tm 2 
and Tm 3. They noted that all yield components and nitrogen uptake and seed 
and stover-nitrogen concentration increased with increasing nitrogen fertilizer 
levels, whereas seed oil concentration decreased and 1000-seed weight and 
seeds per siliqua remained unchanged. They also noted that Varuna was the 
highest yielding cultivar. 
Patil et al. (1996) conducted a field experiment at Akola (Maharashtra) 
and applied four levels of nitrogen (0, 40, 80 or 120 kg N/ha) to Brassica 
juncea cv. Pusa Bold and Brassica campestris cv. Pusa Kalyani. Data revealed 
that nitrogen supply up to 120 kg N/ha increased seed yield linearly in both the 
species. However, it exerted a negative effect on partitioning of assimilates 
from pod wall to seed. The study also indicated that Brassica juncea was 
superior to Brassica campestris as far as seed yield was concerned. 
Singh et al. (1996) conducted a field experiment at Pantnagar 
(Uttaranchal). They applied three levels of nitrogen (60, 90 or 120 kg N/ha) to 
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four cultivars of Brassica juncea, viz. Kranti, C 552, PR 8903 and RW 85-59. 
They found that seed and oil yield increased with increasing rates of nitrogen. 
Cultivars did not vary in respect of seed yield. 
Singh and Kumar (1996) conducted a field experiment on Brassica 
juncea cv. NDR 8501 at Faizabad (Uttar Pradesh). They applied four levels of 
nitrogen (0, 30, 60 or 90 kg N/ha) and three levels of sulphur (0, 20 or 40 kg 
S/ha). They reported that increasing rates of nitrogen and sulphur application 
resulted in significant increases in plant height, siliquae/plant and 1000-seed 
weight, with 40 kg S/ha giving maximum values for growth and yield 
components. Seed and stover yields increased with increasing levels of 
nitrogen up to 60 kg N/ha and of sulphur up to 40 kg S/ha. On average, seed oil 
content was maximum with 60 kg N/ha or 40 kg S/ha. 
Sugawe et al. (1996), working at Parbhani (Maharashtra), applied four 
levels of nitrogen (0, 40, 80 or 120 kg N/ha) to Brassica Jucea (cv. not 
mentioned). They noted that nitrogen content in leaf, stem and seed was more 
with 120 kg N/ha than with other levels of nitrogen. Similarly, 120 kg N/ha 
proved best for protein content and oil yield. However, oil content in seeds was 
not affected significantly due to nitrogen application. 
Tomer et al. (1996), conducting a field experiment at Baraut (Uttar 
Pradesh), applied four combinations of nitrogen + phosphorus + potassium 
[0 kg N + 0 kg P + 0 kg K, 40 kg N +20 kg P2O5 (8.7 kg P) + 20 kg K2O (16.6 
kg K), 80 kg N + 40 kg P2O5 (17.5 kg P) + 40 kg K2O (33.2 kg K) or 120 kg N 
+ 60 kg P2O5 (26.2 kg P) + 60 kg K2O (49.8 kg K)/ha] to four cultivars of 
Brassica juncea, viz. Varuna, Pusa Bold, Prakash and RH 8113. They noted 
that plant height, number of branches, dry matter accumulation, number of 
siliquae per plant, 1000-seed weight, seed yield and oil yield increased with 
increasing levels of fertilization. All these growth and yield attributes were 
significantly higher in Varuna and Pusa Bold than Prakash and RH 8113. The 
interactions of Varuna and Pusa Bold with higher levels of fertilization gave 
maximum seed yield and dry matter accumulation respectively. 
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Thakuria and Gogoi (1996), working at Jorhat (Assam), applied four 
levels of nitrogen (0, 40, 80 or 120 kg N/ha) to three cultivars of Brassica 
juncea, viz. TM 2, TM 4 and Varuna. Seed yield and yield components 
increased significantly with increasing nitrogen fertilizer application up to 80 
kg N/ha. Cultivars did not vary with regard to seed yield and yield attributes, 
except 1000-seed weight, which was maximum in Varuna. 
Chand et al. (1997 a, b), conducting a field experiment at Jobner 
(Rajasthan), studied the effect of soil-applied sulphur and foliar spray of urea 
on Brassica juncea cv. T 59. They applied three levels of sulphur (0, 30 or 60 
kg S/ha) to the soil. In addition, five levels of foliar spray of urea, viz. 0, 1, 2, 3 
or 4% urea solution, each at the rate of 1000 L/ha were applied at two stages 
(30 DAS and 60 DAS). They found that increasing levels of sulphur increases 
chlorophyll content, nitrogen and sulphur content in seeds and straw and their 
uptake, number of siliquae per plant, seeds per siliqua, test weight, seed and 
straw yield, oil content and oil yield linearly. As far as effect of urea spray was 
concerned, 3% solution proved best for most parameters. 
Deekshitulu and Subbiah (1997, 1998) conducted a field experiment on 
Brassica juncea cv. Seeta at Bapatla (Andhra Pradesh). They applied four 
levels of nitrogen (0,50, 100 or 150 kg N/ha) and three levels of sulphur (0, 25 
or 50 kg S/ha). The data revealed that number of siliquae per plant, 1000-seed 
weight and seed nitrogen uptake increased significantly up to 150 kg N/ha, 
while the number of seeds per siliqua increased significantly up to 100 kg N/ha 
only. Similarly, the number of seeds/siliqua, 1000-seed weight and seed-
sulphur uptake increased significantly up to 50 kg S/ha, while the number of 
siliquae per plant increased significantly up to 25 kg S/ha only. The highest 
seed and oil yields were realized at the highest application rates of nitrogen 
(150 kg N/ha) and sulphur (50 kg S/ha). Oil content peaked with 100 kg N/ha 
and then decreased. Increasing levels of sulphur increased oil content. 
Gurjar and Chauhan (1997) studied the effect of five levels of nitrogen + 
phosphorus [0 kg N + 0 kg P, 25 kg N + 16.6 kg P2O5 (7.2 kg P), 50 kg N + 33 
25 
kg P2O5 (14.4 kg P), 75 kg N + 50 kg P2O5 (21.8 kg P) or 100 kg N + 66.4 kg 
P2O5 (29 kg P)/lia] on two cultivars of Brassica juncea, viz. Kranti and Pusa 
Bold at Gwalior (Madhay Pradesh). They found that seed yield and yield 
attributes increased up to 75 kg N + 21.8 kg P/ha. They also found that 
cultivars did not vary in respect of seed yield. 
Jaggi and Sharma (1997) performed a field experiment on Brassica 
juncea cv. Varuna at Palampur (Himachal Pradesh). They applied four levels of 
sulphur (0, 30, 60, or 90 kg S/ha) and three levels of phosphorus (0, 13.1 or 
26.2 kg P/ha). They noted that seed yield increased with increasing sulphur and 
phosphorus rates. Highest seed yield and highest sulphur and phosphorus 
uptake was obtained with 90 kg S + 26.2 kg P/ha. They also found that sulphur 
and phosphorus had synergistic effect on yield parameters. 
Khafi et al. (1997), performing a field experiment at Udaipur 
(Rajasthan), studied the effect of nitrogen, phosphorus and leaf-applied 
sulphuric acid and thiourea on Brassica juncea cv. Kranti. They applied 
nitrogen at 0, 20, 40, 60 or 80 kg N /ha, phosphorus at 0 or 30 kg P2O5 (13.1 kg 
P)/ha and sulphuric acid and thiourea spray each at 0.1%. They reported that 
seed yield increased up to the highest nitrogen rate of 80 kg N/ha and by the 
application of 13.1 kg P/ha. Foliar application of sulphuric acid or thiourea also 
increased yield significantly. 
Mohammad et al. (1997) conducted a pot experiment on Brassica 
juncea cv. Rohini at Aligarh (Uttar Pradesh). They applied three levels of 
nitrogen at 0, 2 or 4 kg N per 4 kg of soil. They noted that carbonic anhydrase 
activity and net photorynthetic rate in leaves of 50 day old plants and yield 
attributes at harvest increased with increasing nitrogen rates. Stomatal 
conductance was unaffected. Oil content decreased with increasing nitrogen 
rates. 
Patil et al. (1997), conducting a field experiment at New Delhi, studied 
the effect of nitrogen on Brassica juncea cv. Pusa Bold and Brassica 
campestris cv. Pusa Kalyani. They applied four levels of basal nitrogen (0, 40, 
26 
80 or 120 kg N/ha). Nitrogen supply up to 120 kg N/ha significantly enhanced 
leaf area index, leaf area duration, crop growth rate and seed yield in both 
cultivars. Pusa Bold had higher dry matter accumulation and seed yield than 
Pusa Kalyani. They also found highly significant correlation between seed 
yield versus leaf area index, leaf area duration and crop growth rate. 
Sharma et al (1997), working at Hisar (Haryana), studied the effect of 
graded levels of nitrogen (0, 30, 60 or 90 kg N/ha) on two cultivars of Brassica 
juncea, viz. RH 30 and RH 819 and one cultivar of Brassica campestris, 
namely TCH 2. They reported that seed yield increased up to 60 kg N/ha. They 
also noted that the seed yield of Brassica juncea cultivars was at par but higher 
than that of Brassica campertris. 
Shukla and Kumar (1997) performed a field trial on six cultivars of 
Brassica juncea, viz. Kranti, BCrishna, Pusa Bold, Rohini, Vardan and Varuna. 
They applied four levels of nitrogen (0, 40, 80 or 120 kg N/ha). They reported 
that nitrogen application at rates up to 120 kg N/ha significantly increased seed 
yield, maturity period, harvest index and nitrogen uptake, whereas a decreasing 
trend was observed in the case of oil content with increases in nitrogen 
fertilization. They also noted that differences among the cultivars were non-
significant for seed weight per plant and harvest index. Oil content was 
significantly higher in Vardan and Krishna, as was nitrogen uptake. 
Singh et al. (1997), carrying out a field trial on Brassica juncea cv. 
Varuna at Bulandshahar (Uttar Pradesh), applied three levels each of nitrogen 
(0,40 or 80 kg N/ha) and phosphonis, viz. 0, 30 or 60 kg P2O5 (0, 13.1 or 26.2 
kg P)/ha. They observed that yield and yield attributes increased with 
increasing levels of nitrogen and phosphorus. 
Tomar et al. (1997) conducted a field trial on Brassica juncea cv. 
Krishna at Gurkul Narsan (Uttar Pradesh). They applied three levels each of 
nitrogen (60, 120 or 180 kg N/ha), phosphorus (0, 40 or 80 kg P2O5, i.e. 0, 17.5 
or 35.0 kg P/ha) and sulphur (0, 40 or 80 kg S/ha). They found that growth 
attributes (plant height, branches per plant and dry matter accumulation per 
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plant) yield attributes (pods per plant, seeds per pod and 1000-seed weight and 
stover yield per hectare) increased significantly with increasing levels of 
nitrogen, phosphorus and sulphur up to 180, 35 and 80 kg/ha respectively. Oil 
content of seeds decreased with increase in levels of nitrogen and phosphorus, 
whereas it increased with increasing levels of sulphur. 
Ahmad et al. (1998) conducted a field experiment on Brassica juncea 
cv. Pusa Jai Kisan and Brassica campestris cv. Pusa Gold at New Delhi. They 
applied sulphur at 0, 40 or 60 kg S/ha and nitrogen at 60, 100 or 150 kg N/ha. 
They noted that application of sulphur and nitrogen increased yield 
components, seed and oil yield, with the highest yield being given by 40 kg S 
and 100 kg N/ha, respectively. Oil content of seed was highest with 60 kg S 
and 100 kg N/ha in both cultivars. However, application of 150 kg N/ha 
decreased the oil content but did not significantly affect seed and oil yield. 
Jaggi (1998) and Jaggi and Sharma (1999) performed a field trial on 
Brassica juncea cv. Varuna at Palampur (Himachal Pradesh). They applied 
four levels of sulphur (0, 30, 60 or 90 kg S/ha) and three levels of phosphorus, 
viz., 0, 30 or 60 kg P2O5 (0, 13.1 or 26.2 kg P)/ha in all possible combinations. 
A combined application of 90 kg S and 26.2 kg P/ha proved best for seed, 
straw and oil yield. Oil content was minimum at the highest level of sulphur 
added without phosphorus and was maximum when no sulphur or phosphorus 
was applied as well as with the highest rates of their application. 
Singh et al. (1998) and Singh and Yashwant (1998) performed a field 
experiment at Varansi (Uttar Pradesh). They applied three levels of nitrogen (0, 
40 or 80 kg N/ha) to four cultivars of Brassica juncea, viz. Kranti, Krishna, PR 
45 and Varuna. Data revealed that uptake of nitrogen, phosphorus and 
potassium in seed and stalk, seed yield and oil yield increased significantly 
with increasing nitrogen rates. As far as cultivars were concerned, it was found 
that seed and oil yields and yield component values were highest in PR 45. 
Abraham (1999, 2000) studied the effect of sulphur and nitrogen on 
Brassica juncea cv. Pusa Jai Kisan at New Delhi. He applied sulphur at 40 or 
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60 kg S/ha and nitrogen at 100 or 150 kg N/ha. He found that 60 kg S + 100 kg 
N/ha proved best for chlorophyll and soluble protein content, photosynthetic 
rate and oil content. 
Ahmad et al. (1999a) and Ahmad and Abdin (2000), performing a field 
experiment at New Delhi, applied five combinations of nitrogen and sulphur, 
viz. (i) 0 kg S + 100 kg N, (ii) 40 kg S + 60 kg N, (iii) 40 kg S + 100 kg N, (iv) 
60 kg S + 100 kg N and (v) 60 kg S + 150 kg N/ha to Brassica juncea cv. Pusa 
Jai Kisan and Brassica campestris cv. Pusa Bold. They noted that highest 
nitrate reductase activity, ATP-sulphurylase activity and photosynthetic rate in 
leaves, protein, nitrogen and sulphur content in seeds, seed yield, oil content 
and oil yield were achieved with 40 kg S + 100 kg N/ha in both species. They 
also noted an increase in oleic acid and linoleic acid content as also a decrease 
in eicosenoic acid and erucic acid content with the application of sulphur with 
nitrogen when compared with nitrogen alone. 
Ahmad et al. (1999b) conducted a field experiment at New Delhi. They 
applied three combinations of sulphur and nitrogen to Brassica juncea cv. Pusa 
Jai Kisan and Brassica campestris cv. Pusa Gold. 40 kg S/ha was applied either 
in a single basal application (S|) or in two (S2) or three (S3) split applications 
and 100 kg N/ha was applied in two (N2) or three (N3) splits. Thus treatments 
were (i) S1N2, (ii) S2N2 or (iii) S3N3. Split application of sulphur and nitrogen 
(S2N2 or S3N3) resulted in significant improvement in growth and yield of both 
crops compared with S1N2. They also noted that Brassica juncea responded 
better to S2N2 than to S1N2 or S3N3. Brassica campestris with S3N3 responded 
best. 
Kachroo and Kumar (1999) studied the effect of nitrogen and sulphur on 
Brassica juncea cv. Kranti at Pantnagar (Uttranchal). They applied five levels 
of nitrogen (0, 40, 80, 120 or 160 kg N/ha) and four levels of sulphur (0, 20, 
40, or 60 kg S/ha). They noted that seed weight per plant increased up to 120 
kg N/ha and 40 kg S/ha. Seed oil concentration decreased with increasing 
29 
nitrogen rates and increased with increasing sulphur doses, whereas protein 
concentration was increased by both nitrogen and sulphur. 
Kumar et al. (1999) conducted a field experiment at Hisar (Haryana). 
They applied four levels of nitrogen (0, 40, 60 or 80 kg N/ha) to five cultivars 
of Brassicajuncea, viz. CS 52, GJM 9056, Kranfi, RH 30 and RH 8814 and to 
one cultivar of Brassica napus, namely GSH 1. They reported that 
phenological development was delayed by the application of increasing 
nitrogen rates, while leaf area index, growth rate and seed yield increased. 
They also noted that Brassica juncea cultivars performed better than the 
Brassica napus cultivar. 
Prakash et al. (1999), conducting a field experiment at Lakhaoti (Uttar 
Pradesh), studied the effect of four levels of nitrogen (0,40, 80 or 120 kg N/ha) 
on Brassica juncea cv. Varuna, Brassica napus cv. ISN 706 and Brassica 
carinata cv. DLSC 1. They noted that values of yield components and seed, 
stover and oil yields increased with increasing nitrogen rates, although 
response for most yield components was significant up to 80 kg N/ha only. 
Brassica carinata had significantly more pods per plant than Brassica juncea 
or Brassica napus, while pod length and seeds per pod were significantly 
greater in Brassica napus. Brassicajuncea recorded significantly greater values 
for 1000-seed weight and seeds per plant than the other two species, resulting 
in significantly higher seed yield, harvest index and oil yield. 
Singh and Brar (1999) performed a field experiment on Brassicajuncea 
at Bhatinda (Punjab). They applied four rates each of nitrogen (0, 50, 100 or 
150 kg N/ha) and phosphorus (0, 15, 30 or 45 kg P2O5, i.e. 0, 6.5, 13.1 or 19.7 
kg P)/ ha. They found that seed yield increased up to 100 kg N/ha and up to 
13.1kgP/ha. 
Thakur (1999), performing a field experiment at Kangra (Himachal 
Pradesh), studied the effect of three levels of nitrogen (45, 60 or 75 kg N/ha) on 
two Indian mustard cultivars, viz. RCC 4 and Varuna. Yield attributes, as well 
30 
as seed yield, significantly increased with increasing rates of nitrogen up to 60 
kg N/ha. As far as cultivars were concerned, RCC 4 proved better than Varuna. 
Bhari et al. (2000) conducted a field experiment on Brassica juncea cv. 
Varuna at Rozari (Rajasthan). They applied four levels each of nitrogen (30, 
60, 90, or 120 kg N/ha) and phosphorus (0, 15, 30 or 45 kg P2O5, i.e. 0, 6 .5, 
13.1 or 19.7 kg P/ha). They observed that plant height, primary and secondary 
branches, siliquae per plant and seed yield increased significantly up to 120 kg 
N/ha. Both 90 and 120 kg N/ha were at par for seeds per siliqua and 1000-seed 
weight. Phosphorus application up to 19.7 kg P /ha resulted in significant 
increase in plant height, secondary branches, siliquae per plant and seed yield. 
Majumdar and Pingnoliya (2000) conducted a field experiment on 
Indian mustard {Brassica juncea) cv. T 59 at Jobner (Rajasthan). They applied 
three sulphur sources (pyrite, elemental sulphur or gypsum) each at three levels 
(20, 40 or 60 kg S/ha). They noted that all sources of sulphur proved equally 
effective for seed nitrogen content. Sulphur through gypsum at 60 kg S/ha 
proved best for phosphorus and sulphur content in seeds and stover and 
nitrogen, phosphorus and sulphur uptake by seeds. 
Patidar et al. (2000) conducted a field experiment at Jodhpur 
(Rajasthan). They applied three combinations of nitrogen + phosphorus + 
sulphur, viz. control, 60 kg N + 40 kg P2O5 (17.5 kg P) or 60 kg N + 40 kg 
P2O5 (17.5 kg P) + 15 kg S/ha to three cultivars oi Brassica juncea, namely 
Local, Pusa Bold and T 59. Application of 60 kg N + 17.5 kg P + 15 kg S/ha 
proved best for growth and yield parameters, including seed yield. Regarding 
cultivars, they noted that Pusa Bold and T 59 were at par and significantly 
superior to Local cultivar. 
Singh et al. (2000), performing a field experiment at Bawal (Haryana), 
applied four levels of sulphur (0, 15, 30 or 45 kg S/ha) to six cultivars of 
Brassica juncea (BIO 902, RH 30, RH 781, RH 8812, RH 8814 and T 59), to 
one cultivar of Brassica carinata, viz. HC 2 and to one cultivar of Eruca 
vesicaria, i.e. T 27. Application of sulphur up to 45 kg S/ha significantly 
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increased oil content, seed yield and yield attributes (siliquae per plant, seeds 
per siliqua, but not test-weight) compared with the lower levels. Cultivar 
BIO 902 performed better than the others. 
Abraham (2001), conducting a field experiment at New Delhi, studied 
the effect of split application of sulphur on the growth and yield of Indian 
mustard {Barssica juncea) cv. Pusa Jai Kisan. The treatments included (i) 0 kg 
S + 30 kg N +30 kg N/ha, (ii) 10 kg S + 10 kg S + 30 kg N + 30 kg N/ha and 
(iii) 10 kg S + 5 kg S + 5 kg S + 30 kg N + 30 kg N/ha. A uniform dose of 40 
kg P2O5 (17.5 kg P) + 40 kg K2O (33.2 kg K)/ha was also applied. Application 
of 10 kg S + 5 kg S + 5 kg S + 30 kg N + 30 kg N/ ha proved best for pods per 
plant, seeds per pod, 1000-seed weight, seed yield and oil yield. 
Kumar et al. (2001a) performed a field experiment on Brassica juncea 
cv. RH 30 at Bawal (Haryana). They applied five levels of nitrogen (0, 30, 60, 
90 or 120 kg N/ha) and four levels of phosphorus (0, 12.5, 24.9 and 37.4 kg 
P/ha). Leaf area index, number of siliquae per plant and number of siliquae on 
main shoot were maximum at 120 kg N/ha and 37.4 kg P/ha. Among other 
parameters, 1000-seed weight, oil yield and seed yield were maximum at 90 kg 
N/ha and 24.9 kg P/ha. 
Kumar et al. (2001b) performed an experiment at Bawal (Haryana). 
They applied four levels of nitrogen (0, 40, 60 and 80 kg N/ha) to five cultivars 
oi Brassica juncea (CS 52, GJM 9056, Kranti, RH 30 and RH 8814) and one 
cultivar of Swede rape (^Brassica napus cv. GSH 1). The data revealed that 80 
kg N/ha proved best for growth and yield parameters, including seed yield and 
harvest index. The differences in seed yield among Indian mustard cultivars 
were non-significant but all of them were significantly superior to rape cv. 
GSH 1. Cultivar RH 30 had better harvest index than the other genotypes. 
Kumar et al. (2001c) and Singh and Singh (2002) carried out a field 
experiment at Faizabad (Uttar Pradesh). They applied three sources of sulphur 
(elemental sulphur, gypsimi or pyrite) each at 0, 20, 40 or 60 kg S/ ha to three 
cultivars of Brassica juncea, namely Narendra Rai 1, Vardan and Varuna. 
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Application of 40 kg S/ha proved best for plant height, branches per plant, 
siliquae per plant, seeds per siliqua, 1000-seed weight, seed and stover yield, 
harvest index, sulphur uptake and oil and protein content in seed. All three 
sources of sulphur proved equally effective. Regarding cultivars, it was noted 
that Narendra Rai 1 and Varuna were at par and superior to Vardan. 
Chaubey et al. (2001) conducted a field experiment on mustard 
{Brassica juncea cv. Rohini) at Ujhani (Uttar Pradesh). They applied three 
levels of phosphorus, viz. 0, 40 or 60 kg P2O5 (0, 17.5 or 26.2 kg P/ha) and five 
levels of sulphur (0, 15, 30,45 or 60 kg S/ha) along with a uniform dose of 120 
kg N + 33.2 kg K/ha. They noted that the growth attributes (plant height, 
number of branches per plant) and seed attributes (siliquae per plant, length of 
siliqua, seeds per siliqua and 1000-seed weight) increased significantly with 
increasing levels of phosphorus and sulphur up to 26.2 kg P/ha and 30 kg S/ha 
respectively. 
Davaria et al. (2001) carried out a field experiment on Brassica juncea 
cv. Gujarat Mustard 1 at Junagadh (Gujarat). They applied phosphorus at 0, 25 
or 50 kg P2O5 (0, 10.9 or 21.8 kg P)/ha and sulphur at 0, 25, 50 or 100 kg S/ha. 
They reported that primary and secondary branches per plant, siliquae per 
plant, seeds per siliqua, 1000-seed weight, seed yield, stover yield, leaf 
chlorophyll content, phosphorus and sulphur content of seeds were highest with 
21.8 kg P/ha. There were no observed differences in oil, protein, oleic and 
linoleic acid content of seeds. Sulphur had no significant effect on growth and 
yield, except seed yield which was highest at 50 kg S/ha. Sulphur significantly 
increased leaf chlorophyll content, whereas seed composition of oil, protein, 
fatty acid, nitrogen, phosphorus and sulphur did not change. 
Hotmode et al. (2001) and Rathod et al. (2001) performed a field 
experiment at Nagpur (Maharashtra). They applied three combinations of 
nitrogen and phosphorus, viz. 40 kg N + 30 kg P2O5 (13.1 kg P)/ha, 50 kg N + 
40 kg P2O5 (17.5 kg P)/ha or 60 kg N + 50 kg P2O5 (21.8 kg P)/ha to two 
cultivars of Brassica juncea, namely Pusa Bold and ACN 9. They noted that 
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application of 60 kg N + 21.8 kg P/ha resulted in maximum plant height, leaf 
number, primary branches, dry matter production, leaf area, leaf chlorophyll, 
nitrogen, phosphorus and potassium content, number of siliquae per plant, 
seeds per siliqua, harvest-index and seed yield. However, 40 kg N + 13.1 kg 
P/ha gave maximum oil content. Regarding cultivars, they reported that Pusa 
Bold was superior to ACN 9. 
Sharma and Jalali (2001) performed a field experiment on Brassica 
juncea cv. RLM 198 at Rajouri (Jammu). They applied four levels each of 
phosphorus, viz. 0, 20, 40 or 60 kg P2O5 (0, 8.7, 17.5 or 26.2 kg P)/ha and 
sulphur (0, 20, 40 or 60 kg S/ha). They noted that seed and straw yield 
increased with increasing levels of phosphorus and sulphur. Phosphorus uptake 
increased with increasing doses of phosphorus and sulphur up to 40 kg S/ha. 
Sulphur uptake increased with increasing doses of phosphorus up to 17.5 kg 
P/ha and of sulphur. Application of phosphorus decreased the oil content but 
increased oil yield. Increasing levels of sulphur increased oil content. 
Bohra and Srivastava (2002) conducted a field experiment on Brassica 
juncea cv. Pusa Bold at Varanasi (Uttar Pradesh). They applied four levels of 
combined nitrogen, phosophorus and potassium, viz. 25, 50, 75 and 100% of 
recommended doses (80 kg N + 40 kg P2O5 + 40 kg K20/ha, i.e. 80 kg N + 
17.5 kg P + 33.2 kg K/ha) and two levels of sulphur at 20 or 50 kg S/ha through 
gypsum and elemental sulphur. They observed that crop yield and yield 
attributes (siliquae per plant, test weight, siliqua length and seed yield per plant 
were significantly improved with increasing levels of combined nitrogen, 
phosphorus and potassium from 25 to 100% of the recommended dose. Sulphur 
application positively influenced the yield and yield attributes. Both sulphur 
sources though remained at par but gypsum showed superiority over elemental 
sulphur in general. Output-input ratio was highest with 100% of the 
recommended dose and 50 kg S/ha through gypsum. 
Singh et al. (2002) studied the effects of four fertilizer rates, i.e. 50, 75, 
100 or 125% of the recommended dose 60 kg N, 40 kg P2O5 (17.5 kg P) or 20 
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kg K2O (8.7 kg K)/ha on the yield and quality of two cultivars of Brassica 
carinata, namely DLSC 1 and PBC 9221 and three cultivars of Brassica 
juncea, \\z. BIO 772, Kranti and PR 8988 at Pantnagar (Uttaranchal). They 
noted that generally, leaf area index, crop growth rate, net assimilation rate, 
branch and siliqua number, 1000-seed weight, seed yield, oil yield, protein 
content, nitrogen content and nitrogen uptake increased with increase in 
fertilizer rate, whereas seed oil content decreased with fertilizer level. As far as 
cultivars were concerned, PBC 9221 proved superior to the other two. 
Pimia et al. (2002a) laid out a field experiment on two improved Indian 
mustard {Brassica juncea) cultivars (Varuna and Pusa Kranti) at Udaipur 
(Rajasthan). They applied three levels of phosphors, viz., 20, 40 or 60 kg P2O5 
(8.7, 17.5 or 26.2 kg P)/ha. Application of 17.5 kg P/ha proved best for siliquae 
per plant, seed yield and oil yield. Regarding cultivars, it could be added that 
Varuna surpassed Pusa Kranti. 
Punia et al. (2002 b) laid out a field experiment on Brassica juncea cv. 
Varuna at Udaipur (Rajasthan). They applied three levels of phosphorus, viz. 
20, 40 or 60 kg P2O5 (8.7, 17.5 or 26.2 kg P)/ha through diammonium 
phosphate, gypsum, single superphosphate. They found that 17.5 kg P/ha 
applied through diammonium phosophate proved best for seed and oil yield. 
Singh (2002) conducted a field experiment on Brassica juncea cv. 
Varuna at Azamgarh (Uttar Pradesh). He applied five levels each of nitrogen 
(0, 30, 60, 90 or 120 kg N/ha) and of phosphorus, viz. 0, 15, 30, 45 or 60 kg 
P2O5 (0, 6.5, 13.1, 19.7 or 26.2 kg P)/ha. Increasing levels of nitrogen up to 120 
kg N/ha and of phosphorus up to 19.7 kg P/ha increased siliqua length, siliquae 
number per plant, seeds p)er siliqua, seed yield and 1000-seed weight. However, 
oil content was not affected significantly by nitrogen or phosphorus 
application. 
Dhake and Kumar (2003), conducting a field experiment at Hisar 
(Haryana), studied the effect of nitrogen and phosphorus on Brassica juncea 
cv. RH 30. The treatments included: control, 40 kg N/ha, 80 kg N/ha and 80 kg 
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N/ ha + 30 kg P/ha. They noted that seed yield and grain yield increased with 
increasing nitrogen rates up to 80 kg N/ha. Combined nitrogen and phosphorus 
(80 kg N + 30 kg P/ha) gave maximum yields. They also noted that oil content 
decreased, whereas oil protein content and oil yield increased with increasing 
nitrogen levels. 
2.4 Concluding Remarks 
A survey of the foregoing literature reveals that traditional cultivars of 
rapeseed-mustard responded variably to the applied nutrient/s under various 
agro-climatic conditions of India. Moreover, different sources of nutrient/s had 
variable effect on this crop. However, little work has been done on human 
friendly "00" type Brassicas (free from both erucic acid and glucosinolate). 
Also, not much work has been done on their response to supplemental foliar 
application of nutrients, that has been established at Aligarh and elsewhere to 
elicit better utilization of nutrients which results in comparatively higher 
productivity and has proved economical for many crops. It was, therefore, 
considered justified to perform an in-depth study of the response of the newly 
released "00" type of rapeseed-mustard to various combinations and sources of 
nutrients applied partly through soil and partly through foliage under the agro-
climatic conditions of western Uttar Pradesh. 
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Chapter 3 
MATERIALS AND METHODS 
To meet the objectives mentioned in Chapter 1, the responses of 
rapeseed-mustard to nitrogen, phosphorus and sulphur appHcations were 
studied by conducting four field experiments during the 'rabi' (winter) seasons 
of 2000-2003 at the Farm-cum-Botanical Garden of the Aligarh Muslim 
University, Aligarh. The details of the materials used and methods employed 
are given below. 
3.1 Agro-climatic conditions 
Aligarh is one of the seventy districts of Uttar Pradesh (North India). It 
is situated at 27°52'N latitude, 78°5rE longitude and 187.45 m altitude. Its 
climate is sub-tropical, with three principal seasons, viz. winter, summer and 
monsoon. The winter extends from the middle of October to the end of March. 
The mean temperatures for December and January, the coldest months, is about 
15° C and 13° C respectively. The extreme minimum record for any single day 
is 2° C and 0.5° C respectively. The summer extends from April to the end of 
June and the average temperature for May is 34.5° C and for June 34° C, 
whereas, the extreme maximum record is 45° C and 45.5° C respectively. The 
monsoon extends from the end of June to the middle of October. The mean 
monthly temperature during this season ranges between 26° C to 30° C (Fig.l). 
The average armual rainfall is 847.3 mm. More than 85% of the total 
rainfall occurs during June to September and some 10% (useful for 'rabi' 
crops), in the winter. Additional occasional rainfall during the summer is rare, 
sporadic, short lived and highly variable in amounts. On an average, 4% of the 
total rainfall occurs during this season (Fig.2). 
The relative humidity of the winter season ranges between 56% and 
77% with an average of 66.5%, that of the summer, between 37% to 49% with 
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an average of 43% and that of the monsoon season, between 63% and 73% 
with an average of 68% (Fig. 3). 
The composition and appearance of the soil in Aligarh district is the 
same as that found generally in the plains of western Uttar Pradesh. Different 
types of soil, such as sandy, loamy, sandy loam and clayey loam are found in 
the district. 
3.2 Field preparation 
Prior to rainy season, the experimental field was thoroughly ploughed to 
turn the soil for maximum aeration. It also helped in eliminating weeds and 
increasing soil fertility. After the rainy season, one ploughing was done again 
to finally eliminate weeds and standard agricultural practices needed for 
mustard cultivation were employed. Finally, 10 sq m (4 x 2.5 m) plots were 
prepared according to the design of each experiment and irrigated lightly 
before sowing to maintain proper moisture content in the sub-surface of the 
soil. The fertilizer was broadcast, as per treatment, in each plot just before 
sowing. Sowing was done in furrows 2 to 2.5 cm deep prepared by hand drawn 
plough at a seed rate of 5 kg/ha. 
3.3 Soil characteristics 
Before sowing, soil samples were collected randomly from each plot of 
the experimental field up to a depth of about 10-15 cm and were mixed 
thoroughly to get a composite sample. These soil samples were got analyzed in 
the Soil Chemistry Laboratory of the Indian Agricultural Research Institute, 
New Delhi. The physico-chemical properties of the soil for each experiment are 
given in Table 1. 
3.4 Seeds 
Authentic seeds of two erucic acid free cultivars, viz. Hyola PAC-401 
(Brassica napus L.) and TERI(OE) M21-Swama {Brassica juncea L. Czem. & 
Coss) were obtained fi-om the National Research Centre on Rapeseed-mustard, 
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Sewar, Bharatpur (Rajasthan) and of five newly released high yielding 
cultivars, namely lGC-01 and Pusa Gaurav of Brassica carinata Braun, and 
Jagannath, Kranti and Rohini of Brassica juncea L. Czem. & Coss from the 
Division of Genetics, Indian Agricultural Research Institute, New Delhi. 
Before sowing, the viability of seeds of each cultivars was tested and they were 
surface sterilized with ethyl alcohol. 
The details of the four experiments are given below. 
3.5 Experiment 1 
The first experiment was conducted during the 'rabi' (winter) season of 
2000-2001. The physico-chemical analysis of the soil of the field is given in 
Table 1. 
The experiment was planned to analyze and compare the performance of 
seven cultivars of rapeseed-mustard under local agro-climatic conditioi^ vOn the 
basis of physio-morphological differences in growth, yield and quality on the 
application of the recommended basal dose 80 kg N + 18 kg P + 30 kg K/ha 
(Ngo Pig K30). The cultivars included two erucic acid free, viz. Hyola PAC-401 
{Brassica napus L.) and TERI(OE) M21-Swama {Brassica juneca L. Czem. & 
Coss) and five newly released high yielding cultivars, including lGC-01 and 
Pusa Gaurav belonging to Brassica carinata Braun and Jagannath, Kranti and 
Rohini of Brassica juneca L. Czem. & Coss (Table 2). Half of the dose of 
nitrogen, together with^ fuU dose of phosphorus and potassium, was applied at 
the time of sowing. The remaining half dose of nitrogen was added as top-
dressing after one month of sowing. The sources of nitrogen and phosphoms 
were urea and diammonium phosphat^espectively. However, the amount of 
nitrogen in the latter source was kept in consideration while calculating the 
required quantity of urea. The seeds were sown on 15 October, 2000 by the 
usual 'behind the plough' method in each of the 10 sq m plots. The furrows 
were kept 20 cm apart and the seed distance was maintained at 15 cm. The 
experiment was performed according to a randomized complete block design. 
There were three replicates for each cultivar. The plots received three 
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irrigations between sowing and harvesting. Weeding was undertaken twice. For 
the control of aphids, an insecticide (Dimecron 100) was sprayed. The crop was 
harvested on 4 March, 2001. 
3.6 Experiment 2 
This experiment was conducted during the 'rabi' (winter) season of 
2001-2002 on three best performing cultivars of rapeseed-mustard selected on 
the basis of the data for seed yield and fatty acid composition of oil obtained in 
Experiment 1. Two erucic acid-free cultivars, viz. Hyola ?AC-40l(Brassica 
nqpi4s L.) and TERI(OE) M21-Swama (Brassicajuncea L. Czem. & Coss) and 
one of the five high yielding cultivars that happens to be popular locally viz. 
Rohini (Brassicajuncea L. Czem. & Coss) were tested. The physico-chemical 
analysis of the soil of the field is given in Table 1. 
The aim of this experiment was to determine the best combination of 
basal nitrogen and phosphorus for each of three selected cultivars of rapeseed-
mustard under local conditions. For this, combinations of five graded levels of 
nitrogen and phosphorus, viz. NQPO, N30P10, N60P20, N90P30 and N120P40, together 
with a uniform dose of potassium (30 kg K/ha), were applied basally (Table 3). 
The sources of nitrogen and phosphorus were urea and diammonium 
phosphatgrTespectively. However, the amount of nitrogen in diammonium 
phosphate was kept in mind while calculating the required quantity of urea. 
There wer^n all five nutrient treatments, three cultivars and fifteen treatment x 
cultivars interactions. The experiment included three replications and was 
performed according to a factorial randomized block design. The cultural 
practices were the same as in Experiment 1. The crop was sown on 22 October, 
2001 and harvested on 12 March, 2002. 
3.7 Experiment 3 
This experiment was also performed during the 'rabi' (winter) season of 
2001-2002. The physico-chemical analysis of the soil of the field is given in 
Table 1. 
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Table 3 Summary of Experimeni 
Treatments (T) 
(kg/ha) Rohini 
12 (2001-2002) 
Cultivars (C) 
HyolaPAC-401 TERI(0E)M21-Swama 
NoPo 
N30P10 
N60P20 
N90P30 
N120P40 
N B: A uniform basal dose of 30 kg K/ha was applied at the time of sowing 
Treatments: 5 
Cultivars: 3 
TxC interactions: 15 
Replicates: 3 
Design: Factorial randomized block 
In view of their sulphur-rich nature, this experiment aimed to test 
whether the productivity of the same rapeseed-mustard cultivars as in 
Experiment 2 could be maximized by inclusion of sulphur in the basal 
treatments containing nitrogen and phosphorus selected in Experiment 2. To 
supply sulphur, diammonium phosphate (the source of phosphorus in 
Experiment 2) was replaced with single superphosphate (a common source of 
phosphorus and sulphur). Thus, the treatments also included 0, 17, 34, 51 or 69 
kg S/ha in addition to the selected doses of nitrogen and phosphorus (Table 4). 
Other practices were the same as in Experiment 2. The crop was sown on 22 
October, 2001 and harvested on 15 March, 2002. 
3.8 Experiment 4 
This last experiment was carried out during the 'rabi' (winter) season of 
2002-2003. The physico-chemical analysis of the soil of the field is given in 
Table 1. 
This experiment was planned (i) to test whether or not the productivity 
of time tested the selected three cultivars (Experiment 2) could be improved by 
exploiting the technique of supplemental foliar application of nitrogen and 
phosphorus and (ii) to examine if addition of a small quantity of sulphur in the 
spray containing nitrogen and phosphorus could enhance the yield further. The 
optimum basal dose (N90P30K30) determined in Experiment 2 formed the basis 
of the scheme of treatments of this experiment (Table 5). The first aim was 
sought to be achieved through foliar application of 20 kg/ha nitrogen and 
2 kg/ha phosphorus on plants grown with a sub-optimal basal dose of nitrogen 
and phosphorus determined after subtracting the amount of leaf-applied 
nutrients from it. To achieve the second aim. 2 kg S/ha was included in the 
spray treatment containing nitrogen and phosphorus. For comparison, the 
optimum basal dose was supplemented with spray of deionized water only. 
This treatment was designated as control. The basal (B) plus foliar (F) 
treatments, with uniform basal 30 kg KTha included (i) BN9OP3O + Fw, (ii) BNVQPBO 
+ FN2O, (iii) BN7OP28 + FN2OP2 and (iv) BN7OP2S + FN2OP2S2- The sources of soil-
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Table 4 Summary of Experiment 3 (2001-2002) 
Treatments (T) 
(kg/ha) Rohini 
Cultivars (C) 
HyolaPAC-401 TERI(0E)M21 -Swama 
NoPo 
NaoP.o 
N60P20 
N90P30 
N120P40 
N B: (i) Treatments NQPO, N30P10, N60P20, N90P30 or N120P40 contained 0, 17, 
34, 51 or 69 kg S/ha respectively as the single superphosphate used as 
source of phosphorus also contained sulphur 
(ii) A uniform basal dose of 30 kg K/ha was applied at the time of 
sowing 
Treatments: 5 
Cultivars: 3 
TxC interactions: 15 
Replicates: 3 
Design: Factorial randomized block 
Table 5 Summary of Experiment 4 (2002-2003) 
Treatments (T) Cultivars (C) 
(kg/ha) 
Rohini Hyola P AC-401 TERI(OE) M21 -Swama 
BN9OP3O ••• F w 
B N 7 0 P 3 0 "•" F N 2 0 
BN70P28 + FN20P2 
BN70P28 + FN20P2S2 
N B: A uniform basal dose of 30 kg K/ha was applied at the time of sowing 
Treatments: 4 
Cultivars: 3 
TxC interactions: 12 
Replicates: 3 
Design: Factorial randomized block 
applied nutrients were the same as in Experiment 2. Leaf-applied nitrogen, 
phosphorus and sulphur were supplied as urea, diammonium phosphate and 
single superphosphate respectively. However, the amount of phosphorus in 
single superphosphate and nitrogen in diammonium phosphate was kept in 
mind while calculating the required quantities of diammonium phosphate and 
urea respectively. The experiment was performed according to a factorial 
randomized block design with three replications. Other cultural practices were 
the same as in the previous experiments. The crop was sown on 14 October, 
2002 and harvested on 10 March, 2003. 
3.9 Sampling techniques 
The performance of the crop was assessed on the basis of growth, 
physiological and bio-chemical and yield parameters and fatty acid 
composition of oil. 
3.9.1 Growth parameters 
To study the growth performance of the crop, five plants were sampled 
randomly fi-om each plot at 45 and 60 DAS in Experiments 1-3 and 85 DAS in 
Experiment 4. The following parameters were studied: 
1. Shoot length per plant 
2. Leaf number per plant 
3. Area per leaf 
4. Leaf area index 
5. Fresh weight per plant 
6. Dry weight per plant 
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3.9.1.1 Computation of leaf area index 
Leaf area index (LAI) was determined by the following formula 
suggested by Watson (1958): 
- .- Leaf area LAI = 
ground area 
The leaf area of rapessed-mustard was obtained directly with the help of 
a graph paper. The area of 3 leaves (upper, middle and lower) of each plant of 
the sample (consisting of five plants) was determined with the help of graph 
paper. Then, the dry weight of these leaves was obtained as also the total dry 
weight of the leaves of each plant of the sample. 
3.9.2 Physiological and bio-chemical parameters 
1. Net assimilation rate 
2. Net photosynthetic rate 
3. Carbonic anhydrase activity 
4. LeafNPK content 
3.9.2.1 Determination of physiological and bio-chemical parameters 
3.9.2.1.1 Net assimilation rate 
Net assimilation rate (NAR) is defined as the increase in dry weight per 
unit leaf area per unit time. It was determined for the period 45-60 DAS in 
Experiments 1-3 by the formula given by Milthorpe and Moorby (1979). 
W _ w I L -1 L 
NAR = :!1?-J!1IX '""-^ " ^ g/m' (leaf area)/day 
t j - t , Lj -L , 
where, 
W| = dry weight per plant at I growth stage 
W2 = dr>- weight per plant at II growth stage 
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Li = leaf area per plant at I growth stage 
L2 = leaf area per plant at II growth stage 
ti = days to sampling at I growth stage 
t2 = days to sampling at II growth stage 
In = logarithm to base e 
3.9.2.1.2 Net photosynthetic rate 
It could be determined in Experiment 4 only as the facility was not 
available in earlier experiments. It was measured in cloudless clear days at 
11:00 AM with Ca=033 m mol CO2 (330^ L/L) on.fully expanded leaf in 
plants (rapeseed-mustard) at 85 DAS with the help of IRGA (Infra Red Gas 
Analyzer, LiCOR 6200) portable photosynthesis system (Lincohi, USA). 
Before taking the measurement, the IRGA (LiCOR 6200) was calibrated and 
the zero was adjusted approximately every 30 min during the measurement. 
Leaf was enclosed in a one litre gas exchange chamber for 60 sec. Net 
photosynthetic rate was measured three times for each treatment at the 
following measurement: 
1. Barometric pressure = 979.9 mb 
2. One sided boundary layer conducted = 1.350 mol/m /^s 
3. Volume of entire system [V+(CC)]=1149 cm^ 
4. The IRGA volume, including hoses to the chamber [Vg (CC)] = 154 
cm^ 
5. The maximum flow rate that could be achieved through the desiccant 
= 999.9 (^ miol) 
6. Water absorption factor = 1.500 
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3.9.2.1.3 Carbonic anhydrase activity 
Cait>onJc anhydrase was assayed in fresh leaves collected randomly from each 
plot at the same growth stages as those selected for growth parameters. The enzyme 
carbonic anhydrase catalyses the reversible hydration of carbon dioxide (CO2) 
to give the bicarbonate ion. 
H2O + CO2 ^ H* + HC03' 
The activity of the enzyme was determined by the method of Dwivedi 
and Randhawa (1974). 
The leaves were cut into small pieces (1 cm )^ at a temperature below 
25° C. After mixing them, 200 mg leaf pieces were weighed and cut further 
into smaller pieces (2-3 mm length) keeping them in 10 mL 0.2 M aqueous 
cystein solution (Appendix) in a petridish at 0 to 4° C. The solution adhering at 
the cut surfaces was then removed with the help of a blotting paper followed by 
transfer immediately to a test tube containing 4 mL phosphate buffer of pH 6.8 
(Appendix). To this, 4 mL 0.2 M sodium bicarbonate (NaHCOa) in 0.02 M 
sodium hydroxide (NaOH) solution and 0.2 mL 0.002% bromothymol blue 
indicator (Appendix) were added. After shaking, the tube was kept at 0 to 4 °C 
for 20 min. 
Carbon dioxide liberated during catalytic action of enzyme on NaHCOs 
was estimated by titrating the reaction mixture against 0.05 N hydrochloric acid 
(Appendix), using methyl red as an internal indicator. A control reaction 
mixture (without leaf pieces) was also titrated against 0.05 N hydrochloric acid. 
The differences of sample reading and control reading were noted for further 
calculation of enzyme activity. 
The activity of the enzyme was determined by the following formula: 
Vx22xN 
W jjmolCOj/mg/ZOmin 
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where, 
V = difference in volume (mL) of hydrochloric acid used in control and 
sample. 
22 = equivalent weight of CO2 
N = normality of HCl 
W = weight (mg) of leaves used. 
Finally, the activity of the enzyme was expressed in terms of mmol C02/kg 
(leaf fresh matter)/s. 
3.9.2.1.4 Leaf NPK content 
Nitrogen, phosphorus and potassium were estimated in dried powder of 
leaves obtained from each plot at the same growth stages as those selected for 
growth parameters. For estimation of these nutrients, the leaf powder was first 
digested according to standard technique described below. 
3.9.2.1.4.1 Digestion of leaf powder 
100 mg oven-dried powder of leaf material was transferred to a 50 mL 
Kjeldahl flask to which 2 mL sulphuric acid was added. The flask was heated 
on a temperature controlled assembly for about two hours to allow complete 
reduction of nitrate present in the plant material by the organic matter itself As 
a result, the content of the flask turned black. After cooling the flask for about 
15 min, 0.5 mL 30% hydrogen perioxide (H2O2) was added drop by drop and 
the solution was heated again till the colour of the solution changed from black 
to light yellow. Again, after cooling for about 30 min, 4 drops of 30% H2O2 
were added, followed by heating for another 5 min. The addition of 30% H2O2 
followed by heating was repeated until the content of the flask became 
colourless. The peroxide digested material was transferred from the Kjeldahl 
flask to a 100 mL volumetric flask with three washings each with 5 mL double 
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distilled water (DDW). The volume of the volumetric flask was then made up 
to the mark with DDW. 
3.9.2.1.4.2 Nitrogen 
Nitrogen was estimated according to the method of Lindner (1944). A 
10 mL aliquot of the digested material was taken in a 50 mL volumetric flask. 
To this, 2 mL 2.5N sodium hydroxide and 1 mL 10% sodium silicate solutions 
(Appendix) were added to neutralize the excess of acid and to prevent turbidity 
respectively. The volume of the solution was made up to the mark with DDW. 
In a 10 ml- graduated test tube, 5 mL aliquot of this solution was taken and 0.5 
mL Nessler's reagent (Appendix) was added. The contents of the test tube were 
allowed to stand for 5 min for maximum colour development. The solution was 
transferred to a colorimetric tube and the per cent transmittance was read at 525 
nm, using a blank, on a Bausch and Lomb "Spectronic 20" colorimeter. The 
reading of each sample was compared with a standard calibration curve and 
nitrogen was expressed in terms of percentage on dry weight basis. 
3.9.2.L4.2.1 Standard curve for nitrogen 
50 mg pure ammonium sulphate was dissolved in sufficient DDW and 
the final volume was made 1 L with DDW. From this solution, 0.1, 0.2, 0.3, 
0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1.0 mL aliquots were pipetted into ten test tubes 
separately. The solution in each test tube was diluted to 5mL with DDW. In 
each test tube, 0.5mL Nessler's reagent was added. After 5 min, the per cent 
transmittance was read at 525 nm, using a blank, on a Bausch and Lomb 
"Spectronic 20" colorimeter. Standard curve was plotted using known graded 
concentrations of ammonium sulphate solution versus optical density (OD). 
3.9.2. L4.3 Phosphorus 
The method of Fiske and Subba Row (1925) was used to estimate the 
total phosphorus in digested material. A 5 mL aliquot was taken in a 10 mL 
graduated test tube and 1 mL molybdic acid was added carefully, followed by 
addition of 0.4 mL l-amino-2-naphthol-4-sulphonic acid (Appendix). When the 
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colour turned blue, the volume was made up to 10 mL with DDW. The solution 
was shaken for 5 min and was then transferred to a colorimetric tube. The per 
cent transmittance was read at 620 nm using a blank, on a Bausch and Lomb 
"Spectromic 20" colorimeter. 
3.9.2.1.4.3.1 Standard curve for phosphorus 
351 mg potassium dihydrogen orthophosphate was dissolved in 
sufficient DDW to which 10 mL ION sulphuric acid was added and the final 
volume was made up to 1 L with DDW. From this solution 0.1, 0.2, 0.3, 0.4, 
0.5, 0.6, 0.7, 0.8, 0.9 and 1.0 mL aliquots were taken in ten test tubes 
separately. The solution in each test tube was diluted to 10 mL with DDW. In 
each tube, 1 mL molybdic acid and 0.4 mL l-amino-2-naphthol-4-sulphonic 
acid were added. After 5 min, the per cent transmittance was read at 620 nm on 
a "Spectronic 20" colorimeter. A blank was also run simultaneously. The 
standard curve was plotted using different dilutions of potassium dihydrogen 
orthophosphate versus OD. 
3.9.2.1.4.4 Potassium 
Potassium was estimated with the help of a flame photometer. After 
adjusting the filter for potassium in the photometer, 10 mL peroxide-digested 
material was run. A blank was run side by side. 
3.9.2.1.4.4.1 Standard curve for potassium 
1.91 g potassium chloride was dissolved in sufficient DDW and the final 
volume was made up to 100 mL with DDW. 1 mL of this solution was diluted 
to 1 L. The resulting stock solution contained 10 ppm K. Aliquots of this stock 
-' solution, were taken and diluted with DDW in nine separate vials so that each 
contained 1, 2, 3, 4, 5, 6, 7, 8 or 9 ppm K. In another vial undiluted stock 
solution was taken to get 10 ppm K. Thus, each of the ten vials contained 10 ml 
of solution. The solution of each vial was run separately, using a flame 
photometer. A blank was also run with each set of determination! A standard 
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curve was prepared, using different dilutions of potassium chloride solution 
versus the reading on the scale of the galvanometer. 
3.9.3 Yield characteristics 
To assess the yield performance of the crop, five plants from each plot 
were taken randomly at harvest for the total weight of seeds, each plot being 
harvested separately. The harvested crops were sim-dried in a net house to 
prevent losses. After drying the crop, each sample was threshed individually. 
The seeds were utilized for assessing the other characteristics. The following 
yield characteristics were studied: 
1. Pods per plant 
2. Seeds per pod 
3. 1,000-seed weight 
4. Seed yield per hectare 
5. Oil content of seeds 
6. Oil yield per hectare 
3.9.3.1 Determination of oil content of seeds 
This is an important parameter for oilseed researchers. The simple 
procedure adopted for assessing the oil content of seeds is described below. 
3.9.3.1.1 Preparation of seed samples for analysis 
First, the impurities smaller than the seeds were separated with the help 
of a sieve having a pore size smaller than the diameter of seeds. Then, the 
impurities larger than the seeds were removed, using a sieve with pore size just 
larger than the seeds. 
3.9.3.1.2 Grinding of seed sample 
hi order to get the powder of seeds, grinding was done in an electrical 
grinder until the formation of a fine meal. 
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3.9.3.1.3 Extraction of oil 
25 g meal of ground seeds was taken and transferred to the flask of a 
soxhlet apparatus to which sufficient quantity of pure petroleum ether was 
added. The apparatus was kept on a water bath, running at 60° C, for about six 
hr. At the end of each extraction process, the petroleum extract of seeds was 
left in air to evaporate the petroleum ether. The oil left after the evaporation of 
petroleum ether was weighed and expressed as percentage of the mass of the 
seeds. The percentage of oil was calculated by the following formula: 
r. * < I mx100 
Percentage of oil = 
nrio 
where, 
m = mass of oil in grams 
mo = mass of seed sample in grams 
3.9.3.2 Determination of oil yield 
The oil yield was computed on the basis of oil percentage and seed 
yield. 
3.9.4 Fatty acid composition 
Fatty acid composition was determined by the method given by Kaushik 
and Agnihotri (1997). 
3.9.4.1 Preparation of fatty acid methyl ester 
The seeds were dried in an electric oven at 60° C, crushed and 
transferred to test tubes having screw caps. Thereafter, 1 mL methyl reagent, 
viz. methyl, acetyl chloride and benzene (20:1:4 v/v) was added to each tube, 
capped securely and heated in a water bath at 70 °C for 1 hr Subsequently they 
were allowed to cool to room temperature. The tubes were then centrifliged at 
5000 rpm for 10 min after addition of 2 mL n-haxane. Following this, the upper 
layer containing methyl esters was transferred to another test tube and the 
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solvent allowed to evaporate. The methyl esters were then stored at 4°C until 
analyzed. 
3.13.2 Gas liquid chromatograpliy 
The methyl esters were dissolved in 250 mL hexane and 1 mL sample 
was injected with the help of a microsyringe into the gas chromatograph 
(Peridn Elmer 8700, USA). Fatty acid composition was determined using 1.8 m 
X 2 mm IDSS column packed with a mixture of 2% sp2300 on chromosorb ' W 
(100-120 mesh). The following conditions were maintained: 
Oven temperature = 210° C 
Injector temperature = 240° C 
Detector temperature = 240° C 
Isothermal time = 35 min 
Carrier gas = nitrogen 
Carrier gas flow = 30 mL /min 
Ramp rate = 0.0 
FID2 sens = high 
FID2 zero = on 
The retention time and % area were noted. 
The fatty acid content was calculated as follows: 
Peak area (%) of total fatty acid = 100-peak area (%) of the solvent 
Quantity of individual fatty acid (%) = 
Peakarea(%)ofan individual fatty acid x 100 
Peack area (%) of total fatty acid 
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3.9.5 Statistical analysis 
The data of all experiments were analyzed statistically by adopting the 
analysis of variance technique, according to Gomez and Gomez (1984). For the 
F test, the error due to replicates was also determined. When F value was found 
to be significant at 5% level of probability, critical difference (CD) was 
calculated. The models of analysis of variance for the designs employed are 
given in Table 6. 
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Table 6 Models of analysis of variance of Experiments 1-4 
Source of variation DF SS MSS 
Experiment 1 (Randomized complete block design) 
Replicates (R) 2 
Cultivars (Cv) 6 
Error 12 
Total 20 
Experiments 2-3 (Factorial randomized block design) 
Replicates (R) 
Fertilizer treatments (T) 
Cultivars (Cv) 
TxCv 
Error 
Total 
2 
4 
2 
8 
28 
44 
Experiment 4 (Factorial randomized 1 
Replicates (R) 
Fertilizer treatments (T) 
Cultivars (Cv) 
TxCv 
Error 
Total 
2 
3 
2 
6 
22 
35 
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Chapter 4 
EXPERIMENTAL RESULTS 
As described in the preceding chapter, four field trials were performed 
on rapeseed-mustard. The important results of these experiments (Tables 7-46) 
are described briefly in this chapter. 
4.1 Experiment 1 
This field experiment was performed according to a complete 
randomized block design to analyze and compare the performance of seven 
cultivars of rapeseed-mustard on the basis of growth, physiological and bio-
chemical parameters studied at 45 and 60 DAS and yield characteristics and 
fatty acid composition of oil at harvest. The data (Tables 7-10) revealed that 
significant differences existed among the cultivars in terms of all parameters 
studied. The results are summarized below. 
4.1.1. Growth parameters 
4.1.1.1 Shoot length per plant 
Among rapeseed-mustard cultivars, Rohini, TERI(OE) M21-Swama and 
Kranti, being at par, produced tallest plants at both 45 and 60 DAS. Rohini 
showed 53.15 and 68.76% higher value at 45 and 60 DAS respectively than 
Pusa Gaurav which gave the lowest value at both stages (Table 7). 
4.1.1.2 Leaf number per plant 
Cultivars TERI(OE) M21-Swama and Rohini, being at par, produced 
maximum leaves at both 45 and 60 DAS. Cultivars TERI(OE) M21-Swama 
gave 19.36 and 36.15% higher value at 45 and 60 DAS respectively than IGC-
01 which gave the minimum leaf number at both stages (Table 7). 
4.1.1.3 Area per leaf 
Hyola PAC-401, followed by TERI(OE) M21-Swama, had the 
maximum leaf area at both stages of study. Cultivar Hyola PAC-401 gave 
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79.16 and 75.47% higher value at 45 and 60 DAS respectively than Pusa 
Gaurav which exhibited the minimum value at both stages (Table 7). 
4.1.1.4 Leaf a rea index 
At both stages, Hyola PAC-401 gave the maximum leaf area index and 
cuhivars Rohini and TERI(OE) M21-Swama, being at par, occupied the second 
position. Cultivar Hyola PAC-401 gave 55.76 and 61.25% higher leaf area 
index at 45 and 60 DAS respectively than Kranti which registered the 
minimum value particularly at 45 DAS (Table 7). 
4.1.1.5 Fresh weight per plant 
Cultivar TERI(OE) M21-Swama, showing parity with Kranti, produced 
maximum ftesh matter at 45 DAS. However, at 60 DAS, Hyola PAC-401 gave 
the maximum fresh weight and Rohini and TERI(OE) M21-Swama, being at 
par, followed it. Cultivar TERI(OE) M21-Sawma gave 93.60% at 45 DAS and 
Hyola PAC-401, 98.61% at 60 DAS higher value than IGC-01 which registered 
the lowest value at both stages (Table 7). 
4.1.1.6 Dry weight per plant 
Among rapeseed-mustard cuhivars, Rohini, Hyola PAC-401, TERI(OE) 
M21-Swama and IGC-01, being at par, produced more dry matter than others 
at both stages. Cultivar Rohini gave 31.50 and 36.41% higher value at 45 and 
60 DAS respectively than Kranti which gave the lowest value at both stages 
(Table 7). 
4.1.2 Physiological and bio-chemical parameters 
4.1.2.1 Net assimilation rate 
Cuhivar Rohini, followed by Hyola PAC-401, gave the maximum net 
assimilation rate. Cultivar Rohini showed 100% higher value than Kranti which 
gave the minimum value (Table D). 
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4.1.2.2 Carboic anhydrase activity 
At both stages, cultivar Hyola PCA-401, followed by TERI(OE) M21-
Swama, showed maximum carbonic anhydrase activity. Cultivar Hyola PAC-
401 gave 10.59 and 31.03% higher value at 45 and 60 DAS respectively than 
Kranti which registered the lowest value (Table 8). 
4.1.2.3 Leaf NPK content if\^t <^ rM 
4.1.2.3.1 Nitrogen (| \ 4 . \' 
Among cuhivars, Hyola PAC-401, followed by 11^-61^45^ DAS>nj 
TERI(OE) M21-Swama at 60 DAS, gave maximum leafMtreig^:jfiotgffl at 
both stages. Cultivar Hyola PAC-401 gave 15.92 and 10.85% higher value at 
45 and 60 DAS respectively than Pusa Gaurav which exhibited the lowest 
value (Table 8). 
4.1.2.3.2 Phosphorus 
Cultivar Rohini, being at par with TERI(OE) M21-Swama and Hyola 
PAC-401, contained the maximum phosphorus content at 45 DAS. At 60 DAS, 
cultivar Hyola PAC-401, followed by Pusa Gaurav, registered the maximum 
content. Cuhivar Hyola PAC-401 gave 9.21 and 4.25% higher value at 45 and 
60 DAS respectively than Kranti which had the lowest content (Table 8). 
4.1.2.3.3 Potassium 
At 45 DAS, Hyola PAC-401, equalled by Rohini and TERI(OE) M21-
Swama, gave the maximum leaf potassium content. Cuhivar Rohini, showing 
parity with Hyola PAC-401, possessed the minimum content at 60 DAS. 
Rohini surpassed the minimum potassium containing cultivar Kranti by 10.98 
and 9.11% at 45 and 60 DAS respectively (Table 8). 
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4.1.3 Yield characteristics 
4.1.3.1 Pods per plant 
Among cultivars, Hyola PAC-401, followed by TERI(OE) M21-Swama, 
produced the maximum pods. Cultivar Hyola PAC-401 gave 100.83% higher 
value than Jagannath which registered the lowest value (Table 9). 
4.1.3.2 Seeds per pod 
For seeds per pod, cultivar Hyola PAC-401 proved superior to others 
were at par themselves. Cultivar Hyola PAC-401 showed 128.60% higher 
value than Kranti (Table 9). 
4.1.3.3 1000-seed weight 
Cultivar TERI(OE) M21-Swama, equalled by Rohini, Jagannath, Pusa 
Gaurav and Hyola PAC-401, gave the maximum seed mass. Cultivar TERI(OE) 
M21-Swama showed 23.05% higher value than Kranti which registered the 
lowest value (Table 9). 
4.1.3.4 Seed yield 
Cultivar Hyola PAC-401, followed by TERI(OE) M21-Swama, gave the 
maximum seed yield. Cuhivar Hyola PAC-401 surpassed Jagannath which had 
the lowest value by 22.55% (Table 9). 
4.1.3.5 Oil content 
Among cultivars, Pusa Gaurav proved superior, however it was at par 
with IGC-01, Rohini, Jagannath, TERI(OE) M21-Swama and Hyola PAC-401. 
Cultivar Pusa Gaurav had 15.07% more oil content than Kranti which 
registered the lowest value (Table 9). 
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4.1.3.6 Oil yield 
Like seed yield, cultivar Hyola PAC-401, followed by TERI(OE) M21-
Swama, gave the highest oil yield. Cultivar Hyola PAC-401 showed 29.55% 
higher value than Kranti which had the lowest value (Table 9). 
4.1.4 Fatty acid composition 
Cultivar differences with regard to fatty acid composition (Table 10) are 
summarized below. 
4.1.4.1 Palmitic acid 
Among cuhivars, Rohini, followed by Pusa Gaurav, had the highest 
content of palmitic acid. Cultivar Rohini gave 24.83% higher value than 
TERI(OE) M21-Swama which gave the lowest value (Table 10). 
4.1.4.2 Stearic acid 
Cultivar Hyola PAC-401, equalled by TERI(OE) M21-Swama, gave the 
highest content of stearic acid. Cultivar Hyola PAC-401 showed 29.54% higher 
value than Kranti which gave the lowest value (Table 10). 
4.1.4.3 Oleic acid 
Cultivar TERI(OE) M21-Swama, followed by Pusa Gaurav, produced 
maximum content of oleic acid. Cultivar TERI(OE) M21-Swama gave 
149.40% higher value than Hyola PAC-401 which gave the lowest value (Table 
10). 
4.1.4.4 Linoleic acid 
Cultivar TERI(OE) M21-Swama, followed by Hyola PAC-401, 
possessed the maximum content of linoleic acid. Cuhivar TERI(OE) M21-
Swama had 168.02% higher value than Rohini which gave the lowest value 
(Table 10). 
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4.1.4.5 Linolenic acid 
Among cultivars, Jagannath showed the highest content of linolenic 
acid. Cuhivar IGC-01 occupied the second position. Cultivar Jagannath gave 
157.46% higher value than Hyola PAC-401 which gave the lowest value (Table 
10) 
4.1.4.6 Enicicacid 
Cultivar Kranti, followed by lGC-01, possessed the maximum erucic 
acid content. Cultivar Hyola PAC-401 produced 99.63% less erucic acid 
content than Kranti (Table 10). 
4.2 Experiment 2 
In this experiment, effect of five basal levels of nitrogen and phosphorus 
(NQFO, N30P10, N60P20, N90P30 and N120 P40) was studied on the performance of 
three cultivars of rapeseed-mustard (Rohini, Hyola PAC-401 and TERI(OE) 
M21-Swama) selected on the basis of the data of Experiment 1 (Tables 7-10). 
The important results (Tables 11-24) are summarized below. 
4.2.1 Growth parameters 
The effect of treatments as also cultivar differences alone as well as in 
combination were significant on all growth parameters studied at 45 and 60 
DAS (Tables 11-16). The important results are described below. 
4.2.1.1 Shoot length per plant 
At both stages (45 and 60 DAS), treatment N90P30 gave highest value. 
However, its effect was at par with that of N60P20 and N120P40 at 45 DAS and 
with that of N60P20, N120P40 and N30P10 at 60 DAS. The treatment N90P30 gave 
21.53 and 6.89% higher value at 45 and 60 DAS respectively than NQPO 
(control). 
Culvitar TERI(OE) M21-Swama, followed by Rohini, produced the 
tallest plants at both stages. Hyola PAC-401 exhibited 41.52% at 45 DAS and 
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32.56% at 60 DAS decrease in height in comparison with cultivar TERI(OE) 
M21-Swama. 
At both stages, interaction N90P30 x TERI(OE) M21-Swama proved best. 
However, its effect was at par with that of N120P40 x TERI(OE) M21-Swama, 
N6oP2oxTERI(0E) M21-Swama, N90P30 x Rohini and N30P10 x TERI(OE) M21-
Swama at 45 DAS and N120P40 x TERI(OE) M21-Swama, N60P20 x TERI(OE) 
M21-Swama, N30P10 x TERI(OE) M21-Swama and NoPoxTERI(OE) M21-
Swama at 60 DAS. Interaction N90P30 x Hyola PAC-401 increased shoot length 
by 28.43 and 7.59% at 45 and 60 DAS respectively over NQPO X Hyola PAC-
401 which gave the lowest value. However at 60 DAS, the effect of N90P30 x 
Hyola PAC-401 was at par with that of NoPo x Hyola PAC-401 (Table 11). 
4.2.1.2 Leaf number per plant 
At 45 DAS, treatment N120P40, equalled by N90P30, gave the highest 
value. However at 60 DAS, treatment N90P30, at par with N60P20. registered the 
maximum leaf number. Treatment N90P30 showed 28.78 and 28.23% higher leaf 
number at 45 and 60 DAS respectively than the control. 
Cultivar TERI(OE) M21-Swama proved best at both stages. However, it 
was at par with Rohini at 45 DAS and was followed by the same at 60 DAS. 
Cultivar Hyola PAC-401 produced 16.27% less leaves than TERI(OE) M21-
Swama at 60 DAS. 
Interaction N120P40 x Rohini at 45 DAS and N90P30 x TERI(OE) M21-
Swama at 60 DAS gave the highest number of leaves. However, effect of 
N120P40 X Rohini was at par with that of N90P30 x Rohini, N90P30 x TERI(OE) 
M21-Swama and N120P40 x TERI(OE) M21-Swama at 45 DAS and of N90P30 x 
TERI(OE) M21-Swama was at par with that of N60P20 x TERI(OE) M21-Swama 
and N120P40 X TERI(OE) M21-Swama at 60 DAS. Interaction N90P30 Hyola 
PAC-401 registered 24.15 and 26.17% higher value at 45 and 60 DAS 
respectively than NOPQ X Rohini which gave the lowest value (Table 12). 
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Table 11 Effect of graded levels of soil-applied N and P on shoot length per plant 
(cm) of three cultivars of rapeseed-mustard at two stages of growth 
(mean of three replicates) 
Cultivars (C) 
Treatments (T) Mean 
(kg/ha) Rohini Hyola PAC-401 TERI(OE) M21 
45 DAS 
No Po 
N30 Pio 
N60 P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
No Po 
N30 PlO 
N60 P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
82.51 
87.93 
91.23 
97.05 
90.26 
89.79 
T=7.32 
119.63 
121.43 
124.10 
125.53 
127.40 
123.61 
T=7.61 
51.28 
56.81 
59.21 
65.86 
55.05 
57.64 
C=5.67 
60 DAS 
87.43 
89.30 
91.66 
94.07 
94.40 
91.37 
C=5.89 
88.62 
95.39 
98.28 
107.37 
103.25 
98.58 
TxC= 12.68 
131.10 
131.90 
136.23 
141.83 
136.39 
135.49 
TxC=I3.I9 
74.13 
80.04 
82.90 
90.09 
82.85 
112.72 
114.21 
117.33 
120.48 
119.39 
N B: A uniform basal dose of 30 kg K/ha was applied at sowing 
Table 12 Effect of graded levels of soil-applied N and P on leaf number per plant 
of three cultivars of rapeseed-mustard at two stages of growth (mean of 
three replicates) 
Treatments (T) 
(kg/ha) Rohini 
Cultivars (C) 
Hyola PAC-40I TERI(0E)M2I 
Mean 
45 DAS 
No Po 
N30 PlO 
Neo P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
No Po 
N30 PlO 
N60 P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
20.66 
22.33 
25.00 
28.66 
30.33 
25.40 
T=1.75 
28.00 
32.66 
35.66 
37.33 
35.66 
33.86 
T=2.07 
19.33 
21.00 
22.33 
24.00 
23.66 
22.06 
C=1.35 
60 DAS 
28.33 
31.00 
33.66 
35.33 
32.66 
32.20 
C=1.60 
22.66 
24.66 
26.00 
28.00 
27.33 
25.73 
TxC=3.03 
33.33 
37.33 
39.66 
42.33 
39.66 
38.46 
TxC=3.59 
20.88 
22.66 
24.44 
26.89 
27.11 
29.89 
33.66 
36.33 
38.33 
35.99 
N B: A uniform basal dose of 30 kg K/ha was applied at sowing 
4.2.1.3 Area per leaf 
Increasing doses of nitrogen and phosphorus up to N90P30 enhanced leaf 
area linearly at both stages. A further increase in the level of nutrients proved 
inhibitory at 45 DAS and ineffective at 60 DAS. Treatment N90P30 registered 
37.62 and 14.09% at 45 and 60 DAS respectively more area than the control. 
Cultivar Hyola PAC-401 proved superior for this parameter at both 
stages. It gave 40.94 and 84.48% higher value at 45 and 60 DAS respectively 
than TERI(OE) M21-Swama which registered the lowest value. 
Among interactions, N90P30 x Hyola PAC-401 gave the highest value at 
45 DAS. However, the effect was at par with that of Ngo P20 x Hyola PAC-401. 
At 60 DAS, N90P30 X Hyola PAC-40 showed the parity with N120P40 x Hyola 
PAC-401. Interaction N90P30 x Hyola PAC-401 registered 98.39 % at 45 DAS 
and 118.82% at 60 DAS more leaf area than the lowest value giving interaction 
NQPO X Rohini and NQPO X TERI(OE) M21-Swama respectively (Table 13). 
4.2.1.4 Leaf area index 
Regarding treatment effect, N90P30 proved best at both stages, however 
its effect was equalled by that of N o^Pio at 45 DAS and by that of N120P40 and 
N60P20 at 60 DAS. Treatment N90P30 gave 24.71 and 9.76% higher value than 
the control at 45 DAS and 60 DAS respectively. 
Cultivar Hyola PAC-401 proved superior at both stages. It produced 
23.43% at 45 DAS and 27.53% at 60 DAS higher leaf area index than 
TERI(OE) M21-Swama which gave the lowest value. 
Among interactions, N90P30 x Hyola PAC-401 proved best at both 
stages. However, its effect was equalled by that of N60P20 x Hyola PAC-401, 
N,2oP4o X Hyola PAC-401, N30P10 x Hyola PAC-401, NQPO X Hyola PAC-401, 
N90P30 X Rohini and N90P30 x TERI(OE) M21-Swama at 45 DAS and with that 
of N120P40 X Hyola PAC-401, N60P20 x Hyola PAC-401, N30P10 x Hyola PAC-
401and NQPO X Hyola PAC-401 at 60 DAS. Interaction N90P30 x Hyola PAC-
60 
Table 13 Effect of graded levels of soil-applied N and P on area per leaf (cm ) of 
three cultivars of rapeseed-mustard at two stages of growth (mean of three 
replicates) 
Treatments (T) 
(kg/ha) Rohini 
Cultivars (C) 
Hyola PAC-401 TERI(0E)M21 
Mean 
45 DAS 
No Po 
N30 PlO 
N60 P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
No Po 
N30 PlO 
Neo P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
34.18 
37.82 
41.21 
46.63 
40.98 
40.16 
T=2.78 
56.29 
57.82 
61.25 
65.19 
67.12 
61.53 
T=3.02 
49.58 
54.20 
63.84 
67.81 
59.77 
59.04 
C=2.15 
60 DAS 
91.88 
93.21 
95.61 
98.71 
102.33 
96.34 
C=2.33 
35.56 
41.96 
43.69 
47.78 
40.46 
41.89 
TxC=4.82 
45.11 
47.65 
52.47 
56.61 
59.28 
52.22 
TxC=5.23 
39.77 
44.66 
49.58 
54.07 
47.07 
64.42 
66.22 
69.77 
73.50 
76.24 
N B: A uniform basal dose of 30 kg K/ha was applied at sowing 
401 showed 54.37% at 45 DAS and 39.32% at 60 DAS higher value than NQPO 
X Rohini which gave the lowest value (Table 14). 
4.2.1.5 Fresh weight per plant 
At both stages, treatment N90P30 gave maximum fresh weight. It 
registered 46.62 and 31.37% more fresh weight than the control at 45 and 60 
DAS respectively. 
Regarding cultivars, at 45 DAS TERI(OE) M21-Swama and at 60 DAS, 
Hyola PAC-401 gave maximum fresh weight. Cultivar Hyola PAC-401 had 
41.81% less fresh matter than TERI(OE) M21-Swama at 45 DAS. However, at 
60 DAS, it gave 10.56% more fresh matter than TERI(OE) M21-Swama. 
Interaction N90P30 x TERI(OE) M21-Swama at 45 DAS and N90P30 x 
Hyola PAC-401 at 60 DAS proved best. Interaction N90P30 x Hyola PAC-401 
gave 53.06% at 45 DAS and 49.42% at 60 DAS higher fresh weight than NQPO 
X Rohini which had the lowest value (Table 15). 
4.2.1.6 Dry weight per plant 
Maximum dry weight was observed with N90P30 at 45 DAS and with 
N60P20 at 60 DAS. Treatment N90P30 gave 72.25% at 45 DAS and 20.36% at 60 
DAS more dry matter than the control. 
Regarding cultivar differences, TERI(OE) M21-Swama produced 
maximum dry matter at both stages. It gave 2.85% at 45 DAS and 8.07% at 60 
DAS more dry matter than Rohini which gave lowest value. However, Hyola 
PAC-401 had 1.38 and 2.25% less dry matter at 45 and 60 DAS respectively 
than TERI(OE) M21-Swama. 
Interaction N90P30 x Hyola PAC-401 at 45 DAS and N120P40 x TERI(OE) 
M21-Swama at 60 DAS gave the highest value. However, effect of N120P40 x 
TERI(OE) M21-Swama was at par with that of N90P30 x Hyola PAC-401, 
N120P40 X Hyola PAC-401, N120P40 x Rohini, N90P30 x TERI(OE) M21-Swama 
and N60P20 X TERI(OE) M21-Swama at 60 DAS. Interaction N90P30 x Hyola 
Table 14 Effect of graded levels of soil-applied N and P on leaf area index of three 
cultivars of rapeseed-mustard at two stages of growth (mean of three 
replicates) 
Treatments (T) 
(kg/ha) Rohini 
Cultivars (C) 
Hyola PAC-401 TERI(0E)M21 
Mean 
45 DAS 
No Po 
N30 Pio 
Neo P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
No Po 
N30 Pio 
N60 P20 
N90 P30 
NI20P40 
Mean 
CD at 5% 
3.20 
3.61 
3.79 
4.15 
3.82 
3.71 
T=0.50 
4.17 
4.51 
4.59 
4.72 
4.62 
4.52 
T=0.22 
4.15 
4.35 
4.77 
4.94 
4.43 
4.53 
C=0.39 
60 DAS 
5.45 
5.56 
5.71 
5.81 
5.75 
5.65 
C=0.17 
3.22 
3.43 
3.89 
4.08 
3.71 
3.67 
TxC=0.87 
4.23 
4.35 
4.49 
4.67 
4.45 
4.43 
TxC=0.39 
3.52 
3.80 
4.15 
4.39 
3.99 
4.61 
4.80 
4.93 
5.06 
4.94 
N B: A uniform basal dose of 30 kg K/ha was applied at sowing 
Table 15 Effect of graded levels of soil-applied N and P on fresh weight per plant 
(g) of three cultivars of rapeseed-mustard at two stages of growth (mean 
of three replicates) 
Treatments (T) 
(kg/ha) Rohini 
Cultivars (C) 
Hyola PAC-40] TERI(0E)M21 
Mean 
45 DAS 
No Po 
N30 Pio 
Neo P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
No Po 
N30 Pio 
N60 P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
98.21 
113.33 
130.00 
149.00 
144.60 
127.02 
T=8.56 
242.31 
259.42 
277.28 
327.83 
301.55 
281.67 
T= 15.28 
104.66 
124.00 
135.33 
150.33 
145.33 
131.93 
C= 6.63 
60 DAS 
282.89 
302.27 
330.65 
362.07 
333.85 
322.34 
C= 11.84 
182.00 
204.33 
236.00 
265.00 
246.33 
226.73 
TxC=14.82 
249.27 
271.81 
291.56 
327.52 
317.61 
291.55 
TxC=26.48 
128.29 
147.22 
167.11 
188.11 
178.75 
258.15 
277.83 
299.83 
339.14 
317.67 
N B: A uniform basal dose of 30 kg K/ha was applied at sowing 
PAC-401 gave 78.57% at 45 DAS and 35.90% at 60 DAS more dry matter than 
NQPO X Rohini which exhibited the lowest value (Table 16). 
4.2.2 Physiological and bio-chemical parameters 
4.2.2.1 Net assimilation rate 
The effect of treatments and their interaction with cultivars on this 
parameter as also cultivar differences studied for 45-60 DAS were significant 
(Table 17). 
Treatment N90P30 proved best for this parameter. However, its effect was 
at par with that of N120P40 • Treatment N90P30 showed 98.65% higher value than 
the control. 
With regard to cultivar differences, Hyola PAC-401 gave the highest net 
assimilation rate, however it was at par with TERI(OE) M21-Swama. Hyola 
PAC-401 produced 8.03% higher value than Rohini which showed the lowest 
value. 
The highest net assimilation rate was observed with N90P30 x TERI(OE) 
M21-Swama. However, its effect was at par with that of N120P40 x Hyola PAC-
401, N,2oP4o X TERI(OE) M21-Swama, N90P30 x Hyola PAC-401 and N90P30 x 
Rohini. Interaction Npo+Pso x Hyola PAC-401 gave 103.46% higher value than 
NQPO X Rohini which gave the lowest value (Table 17). 
4.2.2.2 Carbonic anhydrase activit>' 
The effect of treatments and cultivar differences alone as well as in 
combination were significant on carbonic anhydrase activity studied at 45 and 
60 DAS (Table 17). 
Among treatments, N90P30 proved best at both stages. Treatment N90P30 
showed 46.66 and 13.51% higher carbonic anhydrase activity at 45 and 60 
DAS respectively than the control. 
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Table 16 Effect of graded levels of soil-applied N and P on dry weight per plant 
(g) of three cultivars of rapeseed-mustard at two stages of growth (mean 
of three replicates) 
Treatments (T) 
(kg^a) Rohini 
Cultivars (C) 
Hyola PAC-401 TERI(0E)M21 
Mean 
45 DAS 
No Po 
N30 PlO 
N60 P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
No Po 
N30 Pio 
N60 P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
13.21 
16.32 
18.51 
21.01 
18.45 
17.50 
T=0.61 
19.19 
21.23 
22.90 
24.24 
25.21 
22.55 
T=0.73 
12.62 
15.69 
17.28 
23.59 
19.59 
17.75 
C=0.47 
60 DAS 
21.30 
22.68 
23.95 
25.76 
25.41 
23.82 
C=0.56 
12.67 
17.57 
19.29 
21.71 
18.77 
18.00 
TxC=1.07 
21.99 
23.89 
24.72 
25.17 
26.08 
24.37 
TxC-1.27 
12.83 
16.53 
18.36 
22.10 
18.94 
20.82 
22.60 
28.85 
25.06 
25.57 
N B: A uniform basal dose of 30 kg KJha was applied at sowing 
Table 17 Effect of graded levels of soil-applied N and P on net assimilation rate 
and cah1)onic anhydrase activity of three cultivars of rapeseed-mustard at 
two stages of growth (mean of three replicates) 
Treatments (T) 
(kg/ha) 
No Po 
N30 Pio 
N60 P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
No Po 
N30 Pio 
N60 P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
No Po 
N30 Pio 
N60 P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
Rohini 
Cultivars (C) 
Hyola PAC-401 TER1(0E)M21 
Net assimilation rate [g/m^ leaf area/day] 
2.89 
3.11 
4.19 
5.69 
5.28 
4.23 
T=0.37 
(45-60 DAS) 
3.01 
2.96 
5.02 
5.88 
5.99 
4.57 
C=0.27 
3.06 
3.88 
3.61 
6.21 
5.97 
4.54 
TxC=0.61 
Carbonic anhydrase activity [mmol(C02)/kg (f.m)/sl 
1.21 
1.45 
1.69 
1.88 
1.93 
1.63 
T=0.02 
Carbonic anhydrase 
1.68 
1.78 
1.88 
1.94 
1.88 
1.83 
T=0.04 
(45 DAS) 
1.51 
1.73 
1.91 
2.11 
2.07 
1.86 
C=0.02 
1.35 
1.55 
1.77 
1.96 
1.82 
1.69 
TxC=.04 
activity [mmol(C02)/kg (f.m.)/sj 
(60 DAS) 
2.13 
2.26 
2.30 
2.36 
2.23 
2.25 
C=0.03 
1.74 
1.88 
1.92 
2.01 
1.90 
1.89 
TxC=0.07 
Mean 
2.98 
3.31 
4.27 
5.92 
5.74 
1.35 
1.57 
1.79 
1.98 
1.94 
1.85 
1.97 
2.03 
2.10 
2.00 
N B: A uniform basal dose of 30 kg K/ha was applied at sowing 
Cultivar Hyola PAC-401 gave highest value at both stages. It exhibited 
10.05% at 45 DAS and 22.95% at 60 DAS higher carbonic anhydrase activity 
than Rohini which gave the lowest value. 
Interaction N90P30 x Hyola PAC-401 gave the highest carbonic 
anhydrase activity at both stages. However, its effect was at par with that of 
N120P40 X Hyola PAC-401 at 45 DAS and with that of N60P20 xHyola PAC-401 
at 60 DAS. Interaction N90P30 x Hyola PAC-401 gave 74.38% at 45 DAS and 
40.47% at 60 DAS higher value than NQPO X Rohini which exhibited lowest 
activity (Table 17). 
4.2.2.3 Leaf NPK content 
The effect of treatments on nitrogen content at both stages, on 
phosphorus content at 60 DAS, cultivar differences for nitrogen content at both 
stages, and of their interaction on nitrogen content at both states and on 
phosphorus content at 60 DAS only were significant (Tables 18-20). 
4.2.2.3.1 Nitrogen 
Among fertilizer doses, N90P30 gave maximum value at both stages. 
However, its effect was equalled by that of N60P20 and N120P40 at 45 DAS. 
Treatment N90P30 registered 2.79% at 45 DAS and 7.48% at 60 DAS than the 
control. 
Cultivar TERI(OE) M21-Swama gave maximum content at both stages. 
However, the value was equalled by that of Hyola PAC-401 at 60 DAS. 
Cultivar Hyola PAC-401 had 3.68% at 45 DAS and 1.16% at 60 DAS more 
nitrogen than Rohini which gave the lowest value. 
Maximum nitrogen content was obser\'ed with N90P30 x TERI(OE) M21-
Swama at 45 DAS and with N120P40 x TERI(OE) M21-Swama at 60 DAS. 
However, the effect of N90P30 x TERI(OE) M21-Swama was at par with that of 
N,2oP40 X TERI(OE) M21-Swama, N60P20 x TERI(OE) M21-Swama, N90P30 x 
Hyola PAC-401 and NjoPio x TERI(OE) M21-Swama at 45 DAS and of N120P40 
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X TERI(OE) M21-Swama was at par with that of N120P40 x Rohini, N120P40 x 
Hyola PAC-401, N90P30 x Hyola PAC-40I and N90P30 x TERI(OE) M21-
Swama at 60 DAS. Interaction N90P30 x Hyola PAC-401 gave 6.93% at 45 
DAS and 9.55% at 60 DAS higher value than NQPC X Rohini which registered 
lowest content (Table 18). 
4.2.2.3.2 Phosphorus 
The effect of treatments on this parameter was not significant at 45 
DAS. At 60 DAS, treatment Ni2oP4o» followed by N90P30, gave maximum value. 
Treatment N90P30 gave 26.48% higher value than the control. 
Cultivar differences for the content were not significant at both stages. 
The effect of interactions on this parameter was not significant at 45 
DAS. At 60 DAS, maximum phosphorus content was observed with N120P40 x 
TERI(OE) M21-Swama, the effect of which was equalled by that of N120P40 x 
Hyola PAC-401, N120P40 x Rohini, N90P30 x TERI(OE) M21-Swama and N90P30 
X Hyola PAC-401. Interaction N90P30 x Hyola PAC-401 gave 59.20% more 
leaf phosphorus content than NQPO X Rohini which gave the lowest value (Table 
19). 
4.2.2.3.3 Potassium 
The effect of treatments, cultivar differences and of their interactions on 
this parameter at both stages were not significant (Table 20). 
4.2.3 Yield characteristics 
Effect of treatments and cultivar differences, alone as well as in 
combination were significant on all yield characteristics (except 1000-seed 
weight and oil content) studied at harvest (Tables 21, 22). 
64 
Table 18 Effect of graded levels of soil-applied N and P on leaf nitrogen content 
(%) of three cultivars of rapeseed-mustard at two stages of growth (mean 
of three replicates 
Treatments (T) 
(kg/ha) Rohini 
Cultivars (C) 
Hyola PAC-401 TER1(0E)M2] 
Mean 
45 DAS 
No Po 
N30 PlO 
N60 P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
No Po 
N30 PlO 
N60 P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
3.46 
3.49 
3.59 
3.57 
3.53 
3.53 
T=0.04 
4.08 
4.15 
4.23 
4.42 
4.54 
4.28 
T=0.05 
3.61 
3.63 
3.66 
3.70 
3.68 
3.66 
C=0.03 
60 DAS 
4.14 
4.18 
4.38 
4.47 
4.49 
4.33 
C=0.04 
3.66 
3.69 
3.73 
3.76 
3.75 
3.72 
TxC=0.07 
4.21 
4.27 
4.36 
4.47 
4.54 
4.37 
TxC=0.09 
3.58 
3.60 
3.66 
3.68 
3.65 
4.14 
4.20 
4.32 
4.45 
4.52 
N B: A uniform basal dose of 30 kg K/ha was applied at sowing 
Table 19 Effect of graded levels of soil-applied N and P on leaf phosphorus 
content (%) of three cultivars of rapeseed-mustard at two stages of 
growth (mean of three replicates 
Cultivars (C) 
Treatments (T) • Mean 
(kg/ha) Rohini Hyola PAC-401 TERI(0E)M21 
45 DAS 
No Po 
N30 PlO 
N60 P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
No Po 
N30 PlO 
Neo P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
0.205 
0.217 
0.223 
0.236 
0.230 
0.222 
T-NS 
0.201 
0.277 
0.290 
0.316 
0.337 
0.284 
T=0.015 
0.211 
0.229 
0.237 
0.246 
0.241 
0.232 
C=NS 
60 DAS 
0.238 
0.248 
0.297 
0.320 
0.352 
0.291 
C=NS 
0.207 
0.220 
0.227 
0.239 
0.237 
0.226 
TxC=NS 
0.232 
0.288 
0.242 
0.325 
0.347 
0.286 
TxC=.027 
0.208 
0.222 
0.229 
0.240 
0.236 
0.223 
0.271 
0.276 
0.320 
0.345 
N B: A uniform basal dose of 30 kg K/ha was applied at sowing 
Table 20 Effect of graded levels of basally applied N and P on leaf potassium 
content (%) of three cultivars of rapeseed-mustard at two stages of 
growth (mean of three replicates) 
Cultivars (C) 
Treatments (T) Mean 
(kg/ha) Rohini Hyola PAC-401 TERI(0E)M21 
45 DAS 
No Po 
N30 Pio 
Neo P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
No Po 
N30 PlO 
N60 P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
3.21 
3.32 
3.46 
3.53 
3.61 
3.42 
T=NS 
4.46 
4.60 
4.70 
4.74 
4.85 
4.67 
T=NS 
3.28 
3.36 
3.59 
3.67 
3.73 
3.52 
C=NS 
60 DAS 
4.56 
4.67 
4.79 
4.95 
4.90 
4.77 
C=NS 
3.61 
3.68 
3.78 
3.82 
3.94 
3.76 
TxC=NS 
4.61 
4.62 
4.77 
4.80 
4.88 
4.73 
TxC=NS 
3.36 
3.45 
3.61 
3.67 
3.76 
4.54 
4.63 
4.75 
4.81 
4.87 
N B: A uniform basal dose of 30 kg K/ha was applied at sowing 
4.2.3.1 Pods per plant 
Regarding treatments, N90P30, followed by N60P20, gave the maximum 
number of pods per plant. Treatment N90P30 registered 42.76% more pods per 
plant than the control. 
Cultivar Hyola PAC-40I proved best. TERI(OE) M2I-Swama occupied 
the second position. Hyola PAC-401 gave 78.47% more pods per plant than 
Rohini which gave minimum number of pods per plant. 
Among interaction^ N90P30 x Hyola PAC-401, followed by N60P20 ^ 
t 
Hyola PAC-401, gave maximum value. Interaction N90P30 x Hyola PAC-401 
gave 228.34% more pods per plant than NQPO X Rohini, which gave the 
minimum value (Table 21). 
4.2.3.2 Seeds per pod 
Among treatments, N90P30. equalled by ^60^20 and ^12(^40, gave 
maximum seeds per pod. Treatment N90P30 produced 20.68% more seeds per 
pod than the control. 
With regard to cultivars, Hyola PAC-401 followed by TERI(OE) M21-
Swama, produced maximum seeds. Hyola PAC-401 produced 113.01% more 
seeds per pod than Rohin>,which had minimum seeds. 
Interaction N120P40 x Hyola PAC-401, equalled by N90P30 x Hyola PAC-
401, N60P20 X Hyola PAC-401 and N30P10 x Hyola PAC-401, gave maximum 
number of seeds per pod. Interaction N90P30 x Hyola PAC-401 showed 162.72 
more seeds per pod than NQPO X Rohini which gave minimum value (Table 21). 
4.2.3.3 lOOO-seed weight 
Treatment effect and cultivar differences as well as their interaction 
(treatment x cultivar) effect were found not-significant (Table 21). 
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Table 21 Effect of graded levels of soil-applied N and P on pods per plant, seeds 
per pod and 1000-seed weight (g) of three cultivars of rapeseed-mustard 
(mean of three replicates) 
Treatments (T) 
(kg/ha) 
No Po 
N30 Pio 
Neo P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
No Po 
N30 PlO 
Neo P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
No Po 
N30 PlO 
N60 P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
Rohini 
122.33 
128.66 
223.00 
243.33 
219.33 
187.33 
T= 11.36 
10.41 
12.15 
13.23 
14.67 
12.54 
12.60 
T=1.36 
Cultivars (C) 
Hyola PAC-401 
Pods per plant 
297.00 
344.00 
366.66 
401.66 
262.33 
334.33 
C=8.80 
Seeds per pod 
24.60 
26.37 
27.35 
27.35 
28.55 
26.84 
C=1.05 
1000-seed weight (g) 
1.88 1.76 
2.13 
2.53 
2.96 
2.52 
2.40 
T=NS 
2.11 
2.51 
2.68 
2.42 
2.30 
C=NS 
TERI(0E)M21 
274.33 
284.66 
321.00 
345.33 
259.66 
296.99 
TxC= 19.67 
12.12 
13.39 
14.08 
14.87 
13.28 
13.55 
TxC=2.36 
1.98 
2.19 
2.63 
2.96 
2.61 
2.47 
TxC=NS 
Mean 
231.22 
252.44 
303.55 
330.11 
247.11 
15.71 
17.30 
18.22 
18.96 
18.12 
1.87 
2.14 
2.56 
2.87 
2.52 
N B: A uniform basal dose of 30 kg K/ha was applied at sowing 
4.2.3.4 Seed yield 
Treatment N90P30 gave maximum seed yield. This treatment was 
followed by N6oP2o- Treatment N90P30 gave 78.64% higher seed yield than the 
control. 
Of,cultivars, Hyola PAC-401 produced maximum seeds. However, it 
was equalled by TERI(OE) M21-Swama. Hyola PAC-401 gave 9.74% higher 
seed yield than Rohini which gave the lowest value. 
Among interaction treatments, N90P30 x Hyola PAC-401 gave maximum 
value. However, its effect was at par with that of N90P30 x TERI(OE) M21-
Swama, N90P30 x Rohini, N60P20 x Hyola PAC-401 and N,2oP4o x Hyola PAC-
401. Interaction N90P30 x Hyola PAC-401 gave 100.39% higher seed yield than 
NQPO X Rohini which gave minimum value (Table 22). 
4.2.3.5 Oil content 
Treatment effect and cultivar differences as well as their interaction 
(treatment x cultivar) effect were found not-significant (Table 22). 
4.2.3.6 Oil yield 
Of treatments, N90P30 gave maximum oil yield. This treatment was 
followed by N6oP20- Treatment N90P30 gave 72.68% higher oil yield than the 
control. 
Cultivars TERI(OE) M21-Swama and Hyola PAC-401, being at par, 
gave higher oil yield than Rohini. Cultivar Hyola PAC-401 gave 5.70% higher 
oil yield than Rohini which gave minimum value. 
Interaction N90P30 x Hyola PAC-401, equalled by N90P30 x TERI(OE) 
M21-Swama and N90P30 x Rohini, gave maximum value. Interaction N90P30 x 
Hyola PAC-401 showed 88.67% higher oil yield than NOPQX Rohini which 
gave minimum value (Table 22). 
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Table 22 Effect of graded levels of soil-applied N and P on seed yield, oil content 
and oil yield of three cultivars of rapeseed-mustard (mean of three 
replicates) 
Treatments (T) 
(kg/ha) 
No Po 
N30 Pio 
Neo P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
No Po 
N30 PlO 
N60 P20 
N90 P30 
NI20P40 
Mean 
CD at 5% 
No Po 
N30 PIO 
N60 P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
Rohini 
Seec 
802.52 
1138.48 
1389.43 
1501.21 
1284.46 
1223.22 
T=103.85 
Cultivars (C) 
HyolaPAC-401 
1 yield (kg/ha) 
951.32 
1269.72 
1451.43 
1608.21 
1430.93 
1342.32 
C=80.44 
Oil content (%) 
35.92 34.36 
35.44 
34.83 
34.69 
33.24 
34.82 
T=NS 
Oil 
288.27 
403.47 
483.94 
520.76 
426.96 
424.68 
T=20.34 
33.59 
33.17 
33.82 
32.55 
33.98 
C=NS 
yield (kg/ha) 
326.88 
426.51 
481.46 
543.90 
465.76 
448.90 
C=15.75 
TERI(0E)M21 
881.63 
1201.71 
1426.81 
1598.71 
1355.12 
1292.79 
TxC= 179.87 
35.82 
35.22 
34.76 
33.96 
34.50 
35.85 
TxC=NS 
315.80 
423.24 
495.96 
542.93 
467.53 
449.09 
TxC=35.23 
Mean 
878.49 
1203.30 
1422.55 
1569.37 
1356.83 
35.36 
34.75 
34.25 
34.15 
33.43 
310.31 
417.74 
487.12 
535.86 
453.41 
N B: A uniform basal dose of 30 kg K/ha was applied at sowing 
4.2.4 Fatty acid composition 
Effect of treatments and cultivar differences, alone as well as in combination 
were significant on fatty acids were significant (except linolenic acid) at 
harvest studied (Tables 23, 24). 
4.2.4.1 Palmitic acid 
Treatment N120P40 , equalled by N90P30 , gave highest value. Treatment 
N90P30 showed 7.69% more palmitic acid content than the control. 
Cultivar Hyola PAC-401, equalled by TERI(OE) M2I-Swama, 
registered highest value. Cultivar Hyola PAC-401 gave 27.07% more palmitic 
acid content than Rohini which had lowest value. 
Maximum palmitic acid content was registered with interaction N120P40 
X Hyola PAC-401, however effect of which was at par with that of N90P30 x 
Hyola PAC-401, N,2oP4o x TERI(OE) M21-Swama, N60P20 x Hyola PAC-401 
and N90P30 X TERI(OE) M21-Swama. Interaction N90P30 x Hyola PAC-401 
showed 40.17% more palmitic acid content than NoP© x Rohini which gave 
minimum value (Table 23). 
4.2.4.2 Stearic acid 
Among treatments, N120P40 produced maximum stearic acid content, 
however its effect was at par with that of N9oP3o- Treatment N90P30 gave 
16.78% higher value than the control. 
Cultivar Hyola PAC-401, equalled by TERI(OE) M2I-Swama, gave 
maximum value. Cultivar Hyola PAC-401 gave 11.40% higher value than 
Rohini which had minimum value. 
Maximum stearic acid content was observed with N120P40 x Hyola PAC-
401, however its effect was equalled by N120P40 x TERI(OE) M21-Swama, 
N90P30 X TERI(OE) M21-Swaraa, N90P30 x Hyola PAC-401, N60P20 x TERI(OE) 
M21-Swama and N60P20 x Hyola PAC-401. Interaction N90P30 x Hyola PAC-
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Table 23 Effect of graded levels of soil-applied N and P on palmitic, stearic and 
oleic acid content (%) in the oil of three cultivars of rapeseed-mustard 
(mean of three replicates) 
Treatments (T) 
(kg/ha) 
No Po 
N30 PlO 
Neo P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
No Po 
N30 Pio 
N60 P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
No Po 
N30 Pio 
N60 P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
Rohini 
3.46 
3.48 
3.92 
3.84 
3.94 
3.73 
T=0.11 
1.29 
1.39 
1.52 
1.58 
1.66 
1.49 
T=0.07 
21.14 
21.28 
21.42 
21.68 
21.75 
21.45 
T=1.35 
Cultivars (C) 
HyolaPAC-401 
Palmitic acid 
4.53 
4.67 
4.74 
4.85 
4.91 
4.74 
C=0.09 
Stearic acid 
1.53 
1.63 
1.68 
1.70 
1.79 
1.67 
C=0.05 
Oleic acid 
57.29 
58.08 
58.66 
58.71 
58.88 
58.32 
C=1.04 
TERI(0E)M21 
4.48 
4.59 
4.66 
4.74 
4.82 
4.66 
TxC=0.20 
1.47 
1.60 
1.68 
1.72 
1.77 
1.65 
TxC=0.12 
39.60 
42.20 
40.71 
41.47 
41.57 
41.11 
TxC=2.33 
Mean 
4.16 
4.25 
4.44 
4.48 
4.56 
1.43 
1.54 
1.63 
1.67 
1.74 
39.34 
40.52 
40.26 
40.62 
40.73 
N B: A uniform basal dose of 30 kg K/ha was applied at sowing 
401 registered 31.78% more stearic acid content than NQPO X Rohini which 
gave minimum value (Table 23). 
4.2.4.3 Oleic acid 
Treatment N120P40 gave maximum value for this parameter; however its 
effect was at par with that of N90P30, N30P10 and NgoPao- Treatment N90P30 
registered 3.25% higher value than the control. 
Among cultivars, Hyola PAC-401 gave maximum value. It gave 
171.88% more oleic acid content than Rohmi which had minimum value. 
Interaction N120P40 x Hyola PAC-401, equalled by N90P30 x Hyola PAC-
401, N60P20 X Hyola PAC-401, N30P10 x Hyola PAC-401 and NQPO X Hyola-
401, gave maximum value. Interaction N90P30 x Hyola PAC-401 showed 
177.71% higher value than NQPO X Rohini which gave minimum value (Table 
23). 
4.2.4.4 Linoleic acid 
Treatment N120P40 gave maximum value, and was followed by N90P30. 
Treatment N90P30 gave 6.35% more linoleic acid content than the control. 
Regarding varietals response, TERI(OE) M21-Swama gave maximum 
value. Cultivar Hyola PAC-401 occupied the second position and showed 
17.20% higher value than Rohini which had lowest value. 
Among interactions, N90P30 x TERI(OE) M21-Swama, equalled by 
N120P40 X TERI(OE) M21-Swama, gave maximum content of linoleic acid. 
Interaction N90P30 x Hyola PAC-401 gave 30.20% more linoleic acid content 
than NoPo x Rohini which gave minimum value (Table 24). 
4.2.4.5 Linolenic acid 
Effect of treatments, cultivar differences and their interaction (treatment 
X cultivar) effect were not significant on this fatty acid (Table 24). 
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Table 24 Effect of graded levels of soil-applied N and P on linoleic, linolenic and 
erucic acid content (%) in the oil of three cultivars of rapeseed-mustard 
(mean of three replicates) 
Treatments (T) 
(kgyTia) 
No Po 
N30 Pio 
N60 P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
No Po 
N30 PlO 
Neo P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
No Po 
N30 Pio 
Neo P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
Rohini 
12.45 
13.20 
13.42 
13.82 
14.24 
13.43 
T=0.26 
8.46 
8.28 
8.53 
8.75 
8.97 
8.6 
T=NS 
35.32 
35.49 
35.62 
36.06 
35.13 
35.52 
T=0.25 
Cultivars (C) 
HyolaPAC-401 
Linoleic acid 
15.07 
15.46 
15.67 
16.21 
16.31 
15.74 
C=0.20 
Linolenic acid 
7.54 
7.66 
7.79 
7.94 
7.87 
7.76 
C=NS 
Erucic acid 
0.23 
0.31 
0.38 
0.50 
0.60 
0.40 
C=0.19 
TER1(0E)M21 
38.13 
38.46 
38.99 
39.78 
39.60 
38.99 
TxC=0.45 
10.26 
10.37 
10.44 
10.57 
10.69 
10.47 
TxC=NS 
0.36 
0.47 
0.62 
0.71 
0.79 
0.59 
TxC=0.42 
Mean 
21.88 
22.37 
22.69 
23.27 
23.38 
8.75 
8.77 
8.92 
9.08 
9.17 
11.97 
12.09 
12.21 
12.42 
12.17 
N B: A uniform basal dose of 30 kg K/ha was applied at sowing 
4.2.4.6 Enicic acid 
Treatment N90P30 gave maximum value. However, its effect was 
equalled by that of NgoPjo- The control gave 3.75% less erucic acid than N90P30. 
Cultivar Rohini gave maximum value for this fatty acid. Cultivar Hyola 
PAC-401 and TERI(OE) M21-Swama, being at par, had minimum content. 
Hyola PAC-401 gave 98.87% less erucic acid than Rohini. 
Among interactions, N90P30 x Rohini, followed by N60P20 x Rohini 
N30P10 X Rohini, N120P40 x Rohini and N90P30X Rohini, gave maximum erucic 
acid content. Treatment N90P30 x Hyola PAC-401 gave 98.64% less erucic acid 
content than N90P30 x Rohini (Table 24). 
4.3 Experiment 3 
As mentioned earlier, in view of their sulphur-rich nature, this 
experiment aimed whether the productivity of the three selected cultivars 
(Rohini, Hyola PAC-401 and TERI(OE) M21-Swama) of rapeseed-mustard 
could be maximized by inclusion of sulphur in the basal treatments containing 
nitrogen and phosphorus selected in Experiment 2. To supply sulphur, 
diammonium phosphate (the source of phosphorus in Experiment 2) was 
replaced with single superphosphate (a common source of phosphorus and 
sulphur). The important data (Tables 25-38) are described below. 
4.3.1 Growth parameters 
Effect of treatments and their interaction with cultivars on all 
parameters, as also cultivar differences studied at 45 and 60 DAS, were 
significant, except leaf number per plant and area per leaf at 45 DAS and 
interaction effect on dry weight at both stages and cultivar differences at 45 
DAS (Tables 25-30). 
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4.3.1.1 Shoot length per plant 
Among treatments, N90P30 gave maximum value at both (45 and 60 
DAS) stages. However, it was equalled by N60P20 and N120P40 at 60 DAS. 
Treatment N90P30 increased the shoot length by 42.00 and 20.04% at 45 and 60 
DAS respectively over NoPo (control). 
Regarding cultivars, TERI(OE) M21-Swama and Rohini, being at par, 
gave higher value than Hyola PAC-401 at both stages. Cuhivar Hyola PAC-
401 gave 36.18% at 45 DAS and 26.00% at 60 DAS less value than TERI(OE) 
M21-Swama. 
As far as interactions ware concerned, maximum shoot length was 
observed with N90P30 x TERI(OE) M21-Swama at both stages. However, 
interaction N90P30 x TERI(OE) M21-Swama was equalled by N90P30 x Rohini, 
N,2oP4o X TERI(OE) M21-Swama, N60P20 x TERI(OE) M21-Swama, N60P20 x 
Rohini, and N120P40 x Rohini at 45 DAS and by N90P30 x Rohini, N120P40 ^ 
Rohini, N60P20 x TERI(OE) M21-Swama, N60P20 x Rohini and N,2oP4o x 
TERI(OE) M21-Swama at 60 DAS. Interaction N90P30 x Hyola PAC-401 gave 
27.98% at 45 DAS and 24.36% at 60 DAS less shoot length than N90P30 x 
TERI(OE) M21-Swama (Table 25). 
4.3.1.2 Leaf number per plant 
The effect of treatments on leaf number per plant at 45 DAS was not 
significant. Treatment Ni2oP4o» equalled by N90P30 gave maximum value at 60 
DAS. Treatment N90P30 showed 16.83% higher value than the control at this 
stage. 
Cultivars did not vary at 45 DAS. At 60 DAS, TERI(OE) M21-Swama, 
followed by Rohini, gave maximum value. Hyola PAC-401 gave 14.04% less 
leaf number than TERI(OE) M21-Swama. 
Interaction effect on this parameter at 45 DAS was not significant. At 60 
DAS, N120P40 X TERI(OE) M21-Swama, equalled by N90P30 x TERI(OE) M21-
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Table 25 Effect of graded levels of soil-applied N and P on shoot length per plant 
(cm) of three cultivars of rapeseed-mustard at two stages of growth 
(mean of three replicates) 
Cultivars (C) 
Treatments (T) Mean 
(kg/ha) Rohini Hyola PAC-401 TERI(0E)M21 
45 DAS 
No Po 
N30 Pio 
Neo P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
No Po 
N30P10 
Neo P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
85.61 
99.28 
106.32 
111.57 
104.57 
101.47 
T=6.90 
120.83 
125.21 
137.01 
141.52 
139.62 
132.83 
T=10.32 
49.81 
61.27 
69.32 
81.22 
62.68 
64.86 
C=5.34 
60 DAS 
87.51 
92.67 
105.31 
109.89 
103.25 
99.72 
C=8.00 
81.29 
98.37 
107.25 
112.78 
108.44 
101.63 
TxC= 11.95 
122.13 
131.47 
139.33 
145.29 
135.67 
134.77 
TxC= 17.89 
72.24 
86.31 
94.30 
101.86 
91.90 
110.15 
116.45 
127.21 
132.23 
126.18 
N B: A uniform basal dose of 30 kg K/ha was applied at sowing 
Swama and N60P20 x TERI(OE) M2l-Swama, gave maximum value. 
Interaction N90P30 x Hyola PAC-401 gave 16.93% less leaf number than 
N,2oP4o X TERI(OE) M21-Swama (Table 26). 
4.3.1.3 Area per leaf 
Effect of treatments on this parameter was not significant at 45 DAS. At 
60 DAS, treatment N90P30 gave maximum value and registered 25.15% higher 
value than the control. 
At 45 DAS, cultivars did not vary. However, at 60 DAS, Hyola PAC-
401 proved best. It gave 82.81% higher value than TERI(OE) M21-Swama 
which had lowest value. 
Effect of interaction with cultivars on this parameter at 45 DAS was not 
significant. At 60 DAS, however, interaction N90P30 x Hyola PAC-401 gave 
maximum value. Its effect was followed by that of N120P40 x Hyola PAC-401, 
N60P20 X Hyola PAC-401 and N30P10 x Hyola PAC-401. Interaction N90P30 x 
Hyola PAC-401 gave 134.46% more leaf area than NQPO X TERI(OE) M21-
Swama which exhibited lowest value (Table 27). 
4.3.1.4 Leaf area index 
Treatments NJ20P40, N90P30 and N60P20 did not vary at both stages. 
Treatment, N90P30 showed 24.85% at 45 DAS and 9.61% at 60 DAS higher 
value than the control. 
Regarding cultivars, Hyola PAC-401, followed by Rohini proved best at 
both stages. Cultivar Hyola PAC-401 increased 25.80% at 45 DAS and 25.66% 
at 60 DAS leaf area index over TERI(OE) M21-Swama which gave lowest 
value. 
With regard to interaction effect at 45 DAS, interaction N120P40 x Hyola 
PAC-401, equalled by N90P30 x Hyola PAC-401 and N60P20 x Hyola PAC-401 
in its effect, gave maximum leaf area index. At 60 DAS, interaction N90P30 x 
Hyola PAC-401, N60P20 x Hyola PAC-401, N,2oP4o x Hyola PAC-401 and 
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Table 26 Effect of graded levels of soil-applied N and P on leaf number per plant 
of three cultivars of rapeseed-mustard at two stages of growth (mean of 
three replicates) 
Treatments (T) 
(kg^a) Rohini 
Cultivars (C) 
Hyola PAC-401 TERI(0E)M21 
Mean 
45 DAS 
No Po 
N30 Pio 
N60 P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
No Po 
N30P10 
N60 P20 
N90P30 
N120P40 
Mean 
CD at 5% 
21.33 
23.33 
24.33 
30.66 
31.33 
26.20 
T-NS 
30.00 
31.33 
35.66 
36.33 
36.66 
33.99 
T=l.89 
20.00 
22.00 
25.00 
24.33 
24.33 
23.13 
C=NS 
60 DAS 
29.33 
31.33 
33.66 
34.33 
36.66 
33.06 
C=1.46 
23.66 
26.33 
27.33 
29.33 
29.33 
27.20 
TxC=NS 
35.66 
36.33 
38.66 
40.33 
41.33 
38.46 
TxC=3.28 
21.66 
23.88 
25.55 
28.11 
28.33 
31.66 
32.99 
35.99 
36.99 
38.21 
N B: A uniform basal dose of 30 kg K/ha was applied at sowing 
Table 27 Effect of graded levels of soil-applied N and P on area per leaf (cm"^ ) of 
three cultivars of rapeseed-mustard at two stages of growth (mean of 
three replicates) 
Treatments (T) 
(kg/ha) 
Cultivars (C) 
Rohini Hyola PAC-401 TERI(0E)M21 
Mean 
45 DAS 
No Po 
N30 Pio 
N60 P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
No Po 
N30P10 
Neo P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
35.28 
37.62 
40.81 
45.73 
49.28 
41.74 
T=NS 
59.29 
56.82 
66.25 
69.09 
60.12 
62.31 
T=3.52 
51.68 
53.20 
59.11 
63.33 
65.81 
58.62 
C=NS 
60 DAS 
89.53 
95.56 
99.81 
108.11 
101.23 
98.85 
C=2.73 
37.21 
39.81 
42.73 
46.41 
51.21 
43.47 
TxC=NS 
46.11 
50.68 
55.54 
66.73 
51.28 
54.07 
TxC=6.11 
41.39 
43.54 
47.55 
51.82 
55.43 
64.97 
67.69 
73.87 
81.31 
70.88 
N B: A uniform basal dose of 30 kg K/ha was applied at sowing 
NaoPio X Hyola PAC-401, being at par in their effect, gave higher value than 
other interactions. Interaction N90P30 x Hyola PAC-401 gave 56.65 at 45 DAS 
and 38.90% at 60 DAS higher value than NQPO X Rohini which had lowest 
value (Table 28). 
4.3.1.5 Fresh weight per plant 
At 45 DAS, treatment Ni2oP4o» effect of which was at par with that of 
N90P30 and N60P20, gave maximum value. At 60 DAS, N90P30, equalled by 
N60P20 in its effect, gave maximum value. Treatment N90P30 gave 10.21% at 45 
DAS and 35.85% at 60 DAS higher value than the control. 
Maximum fresh weight was observed with TERI(OE) M21-Swama 
which was followed by Hyola PAC-401 in fresh matter production at 45 DAS. 
However at 60 DAS, Hyola PAC-401 gave maximum value and TERI(OE) 
M21-Swama occupied the second position. Hyola PAC-401 gave 42.28% less 
value than TERI(OE) M21-Swama at 45 DAS and 14.27% higher value at 60 
DAS than Rohini which gave lowest value at both stages 
Maximum plant fresh weight was observed with interaction N120P40 x 
TERI(OE) M21-Swama, however its effect was at par with that of N90P30 x 
TERI(OE) M21-Swama, NeoPao x TERI(OE) M21-Swama, N30P10 x TERI(OE) 
M21-Swama and NQPO X TERI(OE) M21-Swama at 45 DAS. At 60 DAS, 
interaction N90P30 x Hyola PAC-401 gave maximum value but its effect was at 
par with that of N60P20 x Hyola PAC-401. Interaction N90P30 x Hyola PAC-401 
increased plant fresh weight by 16.07% at 45 DAS and 51.56% at 60 DAS over 
NOPQX Rohini which gave minimum value (Table 29). 
4.3.1.6 Dry weight per plant 
Among treatments, N90P30 gave maximum value at both stages. It was 
followed by N60P20 at 45 DAS, however at par with the same treatment at 60 
DAS. Treatment N90P30 gave 36.77% at 45 DAS and 20.90% at 60 DAS higher 
value than the control. 
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Table 28 Effect of graded levels of soil-applied N and P on leaf area index of 
three cultivars of rapeseed-mustard at two stages of growth (mean of 
three replicates) 
Treatments (T) 
(kg^a) 
Cultivars (C) 
Rohini Hyola PAC-401 TER1(0E)M21 
Mean 
45 DAS 
No Po 
N30 Pio 
N60 P20 
N90 P30 
NI20P40 
Mean 
CD at 5% 
No Po 
N30P10 
N60 P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
3.23 
3.55 
3.83 
4.07 
4.36 
3.80 
T=0.53 
4.19 
4.52 
4.66 
4.78 
4.65 
4.56 
T=0.16 
4.12 
4.29 
4.82 
5.06 
5.38 
4.73 
C=0.41 
60 DAS 
5.48 
5.59 
5.79 
5.82 
5.72 
5.68 
C=0.12 
3.27 
3.39 
3.84 
4.13 
4.21 
3.76 
TxC=0.92 
4.37 
4.35 
4.52 
4.80 
4.55 
4.52 
TxC=0.28 
3.54 
3.74 
4.16 
4.42 
4.65 
4.68 
4.82 
4.99 
5.13 
4.97 
N B: A uniform basal dose of 30 kg K/ha was applied at sowing 
Table 29 Effect of graded levels of soil-applied N and P on fresh weight per plant 
(g) of three cultivars of rapeseed-mustard at two stages of growth (mean 
of three replicates) 
Treatments (T) 
(kgAia) 
Cultivars (C) 
Rohini Hyola PAC-401 TERI(0E)M21 
Mean 
45 DAS 
No Po 
N30 Pio 
N60 P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
No Po 
N30 PlO 
N60 P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
122.33 
128.00 
136.00 
140.66 
141.66 
133.73 
T=9.38 
245.21 
261.53 
297.11 
330.79 
301.68 
287.26 
T= 16.21 
124.00 
131.66 
141.33 
142.00 
143.00 
136.40 
C= 7.27 
60 DAS 
275.81 
311.23 
347.37 
371.65 
335.28 
328.27 
C=12.56 
230.33 
231.66 
233.66 
242.66 
243.33 
236.33 
TxC= 16.26 
247.82 
283.38 
301.53 
342.05 
289.63 
292.88 
TxC=28.08 
158.89 
163.77 
170.33 
175.12 
176.00 
256.28 
285.38 
315.34 
348.16 
308.86 
N B: A uniform basal dose of 30 kg K/ha was applied at sowing 
Cultivars did not vary at 45 DAS. At 60 DAS, TERI(OE) M21- Swama, 
equalled by Rohini, gave higher dry weight than Hyola PAC-401. Hyola PAC-
401 gave 5,74% less value than TERI(OE) M21-Swama at this stage. 
Interaction effect on this parameters was not significant at both stages 
(Table 30). 
4.3.2 Physiological and bio-chemical parameters 
4.3.2.1 Net assimilation rate 
Eflfect of treatments and their interaction with cultivars on this parameter 
as also cultivar differences studied for 45-60 DAS were significant (Table 31) 
Treatment N90P30 proved best for net assimilation rate. It was followed by 
Ni2oP40- It increased net assimilation rate by 121.08% over the control. 
Cultivar Hyola PAC-401, equalled by TERI(OE) M21-Swama, gave 
higher value than Rohini. Cultivar Hyola PAC-401 had 6.63% higher value 
than Rohini which exhibited lowest value. 
Interaction N90P30 x TERI(OE) M21-Swama, equalled by N90P30 x 
Rohini, gave maximum value and showed 53.91% higher value than NOPQ X 
Rohini which gave lowest value (Table 31). 
4.3.2.2 Carbonic anhydrase activity 
Effect of treatments and cultivar differences alone as well as in 
combination were significant at both stages (Table 31). 
Among treatments, N90P30 proved best at both stages. Its effect was 
followed by that of N120P40 at 45 DAS, however was equalled by the same 
treatment at 60 DAS. Treatment N90P30 increased activity of carbonic 
anhydrase by 50.37 and 2.10% over the control, at 45 DAS and 60 DAS 
respectively over the control. 
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Table 30 Effect of graded levels of soil-applied N and P on dry weight per plant 
(g) of three cultivars of rapeseed-mustard at two stages of growth (mean 
of three replicates) 
Treatments (T) 
(kg/ha) Rohini 
Cultivars (C) 
Hyola PAC-401 TERI(0E)M21 
Mean 
45 DAS 
No Po 
N30 PlO 
N60 P20 
N90 P30 
NI20P40 
Mean 
CD at 5% 
No Po 
N30P10 
N60 P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
16.67 
17.53 
19.31 
21.27 
19.68 
18.89 
T=l.ll 
21.55 
22.79 
24.03 
26.04 
23.58 
23.60 
T=].63 
16.51 
16.31 
18.55 
22.25 
18.21 
18.36 
C=NS 
60 DAS 
20.57 
22.12 
24.41 
25.74 
22.88 
23.14 
C=1.26 
14.80 
18.08 
20.67 
22.01 
19.49 
19.01 
TxC=NS 
21.3 
23.6 
25.29 
26.13 
25.46 
24.35 
TxC=NS 
15.99 
17.30 
19.51 
21.84 
19.12 
21.14 
22.83 
24.57 
25.97 
23.97 
N B: A uniform basal dose of 30 kg K/ha was applied at sowing 
Table 31 Effect of graded levels of soil-applied N and P on net assimilation rate 
and carbonic anhydrase activity of three cultivars of rapeseed-mustard at 
two stages of growth (mean of three replicates) 
Treatments (T) 
(kg/ha) 
No Po 
N30 P|0 
N60 P20 
N90 P30 
N120 P40 
Mean 
CD at 5% 
No Po 
N30 PlO 
N60 P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
No P„ 
N30 Pio 
N60 P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
Rohini 
Cultivars (C) 
Hyola PAC-401 TER1(0E)M21 
Net assimilation rate [g/m^ leaf area/day] 
(45-60 DAS) 
2.71 3.09 3.02 
3.15 
4.25 
6.73 
5.01 
4.37 
T=0.35 
Carbonic anhyd 
1.19 
1.47 
1.68 
1.91 
1.67 
1.58 
T=0.03 
3.89 
5.31 
5.88 
5.11 
4.66 
C=0.27 
3.79 
4.35 
6.88 
4.78 
4.56 
TxC=0.61 
rase activity [mmol(C02)/kg (fm)/s] 
(45 DAS) 
1.55 1.30 
1.79 
1.92 
2.15 
2.09 
1.90 
C=0.02 
1.49 
1.82 
2.02 
1.93 
1.71 
TxC=.06 
Carbonic anhydrase activity [mmol(C02)/kg (fm)/sl 
(60 DAS) 
1.28 2.11 1.74 
1.77 
1.86 
1.93 
1.86 
1.74 
T=0.05 
2.17 
2.24 
2.32 
2.29 
2.23 
C=0.03 
1.81 
1.87 
1.95 
1.94 
1.86 
TxC=0.08 
Mean 
2.94 
3.61 
4.64 
6.50 
4.97 
1.35 
1.58 
1.81 
2.03 
1.90 
1.71 
1.92 
1.99 
2.07 
2.03 
N B: A uniform basal dose of 30 kg K/ha was applied at sowing 
Cultivar Hyola PAC-401, followed by TERI(OE) M21-Swama, proved 
best at both stages. It gave 2.02% at 45 DAS and 28.16% at 60 DAS higher 
value than Rohini which had lowest value. 
Among interactions, N90P30 x Hyola PAC-401 gave maximum value at 
both stages. However, its effect was at par with that of N120P40 x Hyola PAC-
401 at 45 DAS and also by that of N60P20 x Hyola PAC-401 at 60 DAS. 
Interaction N90P30 x Hyola PAC-401gave 80.67 at 45 DAS and 81.25% at 60 
DAS higher value than NQPO X Rohini which showed lowest value at both 
stages (Table 31). 
4.3.2.3 Leaf NPK content 
Effect of treatments on the three nutrient contents and their interaction 
with cultivars as also cuhivar^ differences were significant at both stages, 
except treatment effect on nitrogen and potassium content at 45 DAS, 
phosphorus content at 60 DAS^ ; cultivar differences for phosphorus content at 
both stages and interaction effect on nitrogen content at 45 DAS and 
phosphorus and potassium content at both stages (Table, 32-34). 
4.3.2.3.1 Nitrogen 
Effect of treatments on this content was not significant at 45 DAS. At 60 
DAS, treatments N90P30 and N120P40, being at par, gave higher value than 
others. Treatment N90P30 gave 7.8% higher value at this stage than the control. 
Cultivar TERI(OE) M21-Swama gave maximum value at both stages. 
However, it was equalled by Hyola PAC-401 at 45 DAS and was followed by 
the same cultivar at 60 DAS. Cultivar Hyola PAC-401 gave 4.35% higher 
value at 45 DAS than Rohini which gave minimum value at both stages. Hyola 
PAC-401 showed parity with Rohini at 60 DAS. 
Interaction effect on this parameter was not significant at 45 DAS. At 60 
DAS, interaction N120P40 x TERI(OE) M21-Swama, equalled by N120P40 x 
Rohini in its effect, gave highest value. Interaction N90P30 x Hyola PAC-401 
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gave 10.26% higher value than NQPO X Rohini which gave minimum value 
(Table 32). 
4.3.2.3.2. Phosphorus 
At 45 DAS, treatment N120P40 gave maximum value, however its effect 
was at par with that of N60P20, N90P30 and N30P10. Treatment N90P30 gave 2.43% 
higher value at this stage than the control. At 60 DAS, the effect was not 
significant. 
Cultivars did not vary at both stages. 
Effect of treatment x cultivar interactions on this parameter at both 
stages was not significant at both stages (Table 33). 
4.3.2.3.3 Potassium 
Effect of treatments on thiS parameters at 45 DAS was not significant. 
At 60 DAS, treatment N120P40 gave maximum value, however, its effect was at 
par with that of N90P30. Treatment N90P30 gave 6.91% higher value at this stage 
than the control. 
Cultivar TERI(OE) M21-Swama and Hyola PAC-401 gave maximum 
value at 45 DAS and 60 DAS respectively. At 45 DAS, TERI(OE) M21-Swama 
was followed by Hyola PAC-401. At 60 DAS, Hyola PAC-401 was equalled 
by TERI(OE) M21-Swama. Hyola PAC-401 gave 2.68% at 45 DAS and 2.37% 
at 60 DAS higher value than Rohini which gave lowest value. 
Interaction effect on this parameter was not significant at both stages 
(Table 34). 
4.3.3 Yield characteristics 
Effect of treatments and their interaction with cultivars on yield 
characteristics, as also cultivar differences were significant, except 1000-seed 
weight at harvest (Tables 35, 36). 
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Table 32 Effect of graded levels of soil-applied N and P on leaf nitrogen content 
(%) of three cultivars of rapeseed-mustard at two stages of growth (mean 
of three replicates 
Treatments (T) 
(kgylia) 
Cultivars (C) 
Rohini Hyola PAC-401 TERI(0E)M21 
Mean 
45 DAS 
No Po 
N30 Pio 
N60 P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
No Po 
N30 PlO 
N60 P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
3.64 
3.65 
3.67 
3.69 
3.72 
3.67 
T=NS 
4.09 
4.21 
4.28 
4.48 
4.57 
4.33 
T=.0.03 
3.79 
3.81 
3.82 
3.85 
3.89 
3.83 
C=0.03 
60 DAS 
4.16 
4.22 
4.42 
4.51 
4.33 
4.32 
C=0.02 
3.82 
3.84 
3.85 
3.86 
3.88 
3.85 
TxC-NS 
4.30 
4.31 
4.40 
4.51 
4.58 
4.42 
TxC=0.05 
3.75 
3.76 
3.78 
3.80 
3.83 
4.18 
4.24 
4.37 
4.51 
4.50 
N B: A uniform basal dose of 30 kg K/ha was applied at sowing 
Table 33 Effect of graded levels of soil-applied N and P on leaf phosphorus 
content (%) of three cultivars of rapeseed-mustard at two stages of 
growth (mean of three replicates 
Treatments (T) 
(kg/ha) Rohini 
Cultivars (C) 
Hyola PAC-401 TERI(0E)M21 
Mean 
45 DAS 
No Po 
N30 Pio 
N60 P20 
N90 P30 
NI20P40 
Mean 
CD at 5% 
No Po 
N30P10 
N60 P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
0.325 
0.335 
0.337 
0.347 
0.344 
0.337 
T=0.018 
0.328 
0.339 
0.341 
0.349 
0.348 
0.341 
T=NS 
0.336 
0.339 
0.343 
0.351 
0.353 
0.344 
C=NS 
60 DAS 
0.341 
0.346 
0.351 
0.353 
0.354 
0.350 
C=NS 
0.328 
0.332 
0.339 
0.315 
0.350 
0.332 
TxC=NS 
0.334 
0.337 
0.344 
0.355 
0.353 
0.345 
TxC=NS 
0.329 
0.335 
0.339 
0.337 
0.349 
0.334 
0.341 
0.345 
0.353 
0.352 
N B: A uniform basal dose of 30 kg K/ha was applied at sowing 
Table 34 Effect of graded levels of soil-applied N and P on leaf potassium content 
(%) of three cultivars of rapeseed-mustard at two stages of growth (mean 
of three replicates 
Treatments (T) 
(kg/ha) 
Cultivars (C) 
Rohini Hyola PAC-401 TERI(0E)M2I 
Mean 
45 DAS 
No Po 
N30 PlO 
Neo P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
No Po 
N30 Pio 
Neo P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
3.29 
3.34 
3.36 
3.41 
3.38 
3.35 
T=NS 
4.43 
4.57 
4.66 
4.72 
4.82 
4.64 
T=0.12 
3.33 
3.37 
3.47 
3.52 
3.51 
3.44 
C=0.05 
60 DAS 
4.53 
4.66 
4.76 
4.88 
4.92 
4.75 
C=0.09 
3.59 
3.62 
3.67 
3.78 
3.75 
3.68 
TxC=NS 
4.49 
4.57 
4.73 
4.77 
4.86 
4.68 
TxC=NS 
3.40 
3.44 
3.50 
3.57 
3.54 
4.48 
4.60 
4.72 
4.79 
4.87 
N B: A uniform basal dose of 30 kg K/ha was applied at sowing 
4.33.1 Pods per plant 
Treatment N90P30 gave maximum pods per plant. Its effect was followed 
by that of N6oP2o- Treatment N90P30 produced 42.18% more pods per plant than 
the control. 
Cultivars Hyola PAC-401, followed by TERI(OE) M21-Swama, 
produced maximum pods per plant. Cultivar Hyola PAC-401 showed 73.66% 
higher value than Rohini which had lowest value. 
Interactions, N90P30 x Hyola PAC-401 proved best. Its effect was 
followed by that of NgoPio x Hyola PAC-401, N120P40 x TERI(OE) M21-Swama 
and N90P30 X TERI(OE) M21-Swama. Interaction N90P30 x Hyola PAC-401 
gave 213.68% more pods per plant than NQPO X Rohini which exhibited lowest 
value (Table 35). 
4.3.3.2 Seeds per pod 
Of treatments, N90P30 gave maximum seeds per pod. Its effect was 
followed by that of N6oP2o- Treatment N90P30 gave 24.65% more seeds per pod 
than the control. 
Cultivars Hyola PAC-401 proved best. It was followed by TERI(OE) 
M21-Swama in seed production. Hyola PAC-401 produced 114.92% more 
seeds per pod than Rohini which had lowest value. 
Interaction N90P30 x Hyola PAC-401 gave maximum value. Its effect 
was followed by that of N60P20 x Hyola PAC-401, N120P40 x Hyola PAC-401, 
N30P10 X Hyola PAC-401 and NoPo x Hyola PAC-401. Interaction N90P30 x 
Hyola PAC-401 gave 191.87^0 higher value than NQPO X Rohini which had 
lowest value (Table 35). 
4.3.3.3 1000-seed weight 
Effect of treatments and their interaction with cultivars as well as 
cultivar differences were not significant (Table 36). 
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Table 35 Effect of graded levels of soil-applied N and P on pods per plant, seeds 
per pod and 1000-seed weight of three cultivars of rapeseed-mustard 
(mean of three replicates) 
Treatments (T) 
(kg/ha) 
No Po 
N30 Pio 
Neo P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
No Po 
N30 Pio 
N60 P20 
N90 P30 
N120 P40 
Mean 
CD at 5% 
No Po 
N30 Pio 
Neo P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
Rohini 
132.33 
138.33 
234.00 
258.33 
230.00 
198.6 
T=12.78 
10.34 
12.36 
13.40 
14.68 
12.25 
12.60 
T=1.46 
1.77 
2.68 
3.01 
3.41 
2.56 
2.68 
T=NS 
Cultivars (C) 
Hyola PAC-401 
Pods per plant 
306.33 
354.33 
376.66 
415.00 
272.33 
344.93 
C=9.89 
Seeds per pod 
26.31 
25.33 
27.26 
30.18 
26.33 
27.08 
C=1.12 
1000-seed weight (g) 
2.05 
2.58 
2.86 
3.12 
2.74 
2.67 
C=NS 
TER1(0E)M21 
284.33 
294.66 
331.00 
354.66 
371.00 
327.13 
TxC=22.14 
13.25 
15.97 
16.86 
17.34 
14.17 
15.51 
TxC=2.52 
1.79 
2.73 
2.99 
3.58 
2.79 
2.78 
TxC=NS 
Mean 
241.00 
262.44 
313.88 
342.66 
291.11 
16.63 
17.88 
19.17 
20.73 
17.58 
1.87 
2.66 
2.95 
3.37 
2.70 
N B: A uniform basal dose of 30 kg K/ha was applied at sowing 
Table 36 Effect of graded levels of soil-applied N and P on seed yield, oil content 
and oil yield of three cultivars of rapeseed-mustard (mean of three 
replicates) 
Treatments (T) 
(kg/ha) 
No Po 
N30 PlO 
N60 P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
No Po 
N30 Pio 
N60 P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
No Po 
N30 PlO 
Neo P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
Rohini 
887.76 
1207.08 
1390.70 
1581.37 
1370.85 
1287.55 
T=96.95 
36.89 
36.38 
35.79 
34.41 
34.22 
35.54 
7=0.92 
327.41 
439.15 
497.76 
544.16 
469.12 
455.52 
T=31.37 
Cultivars (C) 
HyolaPAC-401 
Seed yield (kg/ha) 
969.23 
1387.43 
1573.43 
1699.35 
1523.49 
1430.59 
C=75.10 
Oil content (%) 
34.97 
34.76 
34.44 
34.02 
33.86 
34.41 
C=0.71 
Oil yield (kg/ha) 
338.95 
482.31 
541.88 
578.13 
515.85 
491.42 
C=16.55 
TERI(0E)M21 
892.04 
1270.97 
1486.95 
1606.00 
1374.91 
1326.17 
TxC= 167.93 
36.35 
35.88 
35.19 
34.76 
34.25 
35.29 
TxC=1.59 
323.38 
456.04 
523.26 
558.26 
470.92 
466.37 
TxC=37.02 
Mean 
916.34 
1288.49 
1483.69 
1628.91 
1423.08 
36.07 
35.67 
35.14 
34.40 
34.11 
329.91 
459.17 
520.97 
560.18 
485.30 
N B: A uniform basal dose of 30 kg K/ha was applied at sowing 
4.3.3.4 Seed yield '/ -TV < K \ W 
Treatment N90P30 gave maximum seed yield. Its'effeSQt was followed by, 
that of N60P20 and Ni2oP40- Treatment N90P30 gave TT.Tw^higft^r^eed^yieUj^ 
than the control. 
Cultivar Hyola PAC-401, followed by TERI(OE) M21-Swama, gave 
maximum value. Hyola PAC-401 showed 11.10% higher value than Rohini 
which had lowest value. 
Interaction N90P30 x Hyola PAC-401 gave maximum value, however its 
effect was equalled by that of N90P30 x TERI(OE) M21-Swama, N90P30 x 
Rohini and NeoPio x Hyola PAC-401. Interaction N90P30 x Hyola PAC-401 
gave 91.41% higher seed yield than NQPO X Rohini which exhibited lowest 
yield (Table 36). 
4.3.3.5 Oil content 
Treatment NoPo gave maximum value for this parameter, however its 
effect was at par with that of N30P10. Treatment N90P30 showed 4.62% less oil 
content than the control. 
Cultivar Rohini produced maximum oil content. However, its was 
equalled by TERI(OE) M21-Swama. Hyola PAC-401 gave 3.17% less oil 
content than Rohini. 
Interaction NQPO X Rohini gave maximum oil content. However, its 
effect was at par with that of N30P10 x Rohini, NQPO X TERI(OE) M21-Swama, 
N30P10 X TERI(OE) M21-Swama and N30P10 x Rohini. Interaction N90P30 x 
Hyola PAC-401 gave 7.7% less oil content than NQPO X Rohini (Table 36). 
4.3.3.6 Oil yield 
Treatment N90P30 gave maximum oil yield. Its effect was followed by 
that of NfioPio- Treatment N90P30 exhibited 69.79% higher oil yield than the 
control. 
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Cultivar Hyola PAC-401 gave maximum oil yield. It was followed by 
TERI(OE) M21-Swama. Hyola PAC-401 gave 7.88% more oil yield than 
Rohini which exhibited lowest oil yield. 
Interaction N90P30 ^ Hyola PAC-401 gave maximum oil yield. However, 
its effect was at par with that of N90P30 x TERI(OE) M21-Swama, N90P30 x 
Rohini and N o^Pio x Hyola PAC-401. Interaction N90P30 x Hyola PAC-401 
gave 78.77% higher value than NoPo x TERI(OE) M21-Swama which showed 
lowest value (Table 36). 
4.3.4 Fatty acid composition 
Effect of treatments and their interactions on fatty acids studied as also 
cultivar differences were significant (except treatment and treatment x cultivar 
effect on stearic acid) at harvest (Tables 37, 38). 
4.3.4.1. Palmitic acid 
Maximum palmitic acid content was observed with N90P30. However, its 
effect was at par with that of N120P40 and N60P40 • Treatment N90P30 gave 5.82% 
higher value than the control. 
Among cultivars, Hyola PAC-401 proved best. It was followed 
by TERI(OE) M21-Swama. Hyola PAC-401 gave 29.36% more palmitic acid 
content than Rohini which had lowest content. 
Interaction N90P30 ^ Hyola PAC-401 gave maximum value, however its 
effect was at par with that of N120P40 x Hyola PAC-401, N60P20 x Hyola PAC-
401, N90P30 X TERI(OE) M21-Swama, N30P10 x Hyola PAC-401, N60P20 x 
TERI(OE) M21-Swama and N,2oP4o x TERI(OE) M21-Swama. Interaction 
N90P30 X Hyola PAC-401 showed 38.66% higher value than NQPO X Rohini 
which exhibited lowest value (Table 37). 
43.4.2 Stearic acid 
The effect of treatments on stearic acid content was not significant. 
78 
Table 37 Effect of graded levels of soil-applied N and P on palmitic, stearic and oleic 
acid content (%) in the oil of three cultivars of rapeseed-mustard (mean of 
three replicates) 
Treatments (T) 
(kg/ha) 
No Po 
N30 PlO 
Neo P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
No Po 
N30 Pio 
N60 P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
No Po 
N30 PIO 
Neo P20 
N90 P30 
N)2oP40 
Mean 
CD at 5% 
Rohini 
3.44 
3.52 
3.69 
3.66 
3.73 
3.61 
T=NS 
1.31 
1.35 
1.45 
1.55 
1.56 
1.44 
T-NS 
21.12 
21.26 
21.38 
21.65 
21.74 
21.43 
T=1.25 
Cultivars (C) 
HyolaPAC-401 
Palmitic acid 
4.51 
4.63 
4.68 
4.77 
4.73 
4.67 
C=0.10 
Stearic acid 
1.51 
1.61 
1.66 
1.65 
1.68 
1.62 
C=0.07 
Oleic acid 
57.26 
57.59 
58.63 
58.71 
58.84 
58.21 
C=0.97 
TERI(0E)M2I 
4.41 
4.51 
4.6 
4.65 
4.6 
4.55 
TxC=0.23 
1.46 
1.58 
1.66 
1.57 
1.55 
1.56 
TxC-NS 
38.56 
40.17 
40.67 
41.44 
41.56 
40.48 
TxC=2.17 
Mean 
4.12 
4.22 
4.32 
4.36 
4.35 
1.43 
1.51 
1.59 
1.59 
1.60 
38.98 
39.67 
40.23 
40.60 
40.71 
N B: A uniform basal dose of 30 kg K/ha was applied at sowing 
Cultivar Hyola PAC-401 gave maximum value, however it was at par 
with TERI(OE) M21-Swama as far as stearic acid content was concerned. 
Hyola PAC-401 gave 12.50% more content of stearic acid than Rohini which 
gave lowest value. 
Effect of treatment x cultivar on this fatty acid was not significant 
(Table 37). 
4.3.4.3 Oleic acid 
Treatment N120P40 gave maximum value, however its effect was at par 
with that of N90P30, N60P20 and N30P10. Treatment N90P30 gave 4.15% more 
oleic acid content than the control. 
Cultivar Hyola PAC-401 gave highest oleic acid content. It was 
followed by TERI(OE) M21-Swama. Cultivar Hyola PAC-401 produced 
171.62% more oleic content than Rohini which had lowest value. 
Among interactions, N120P40 ^ Hyola PAC-401 gave maximum value. 
However, its effect was at par with that of N90P30 x Hyola PAC-401, N60P20 x 
Hyola PAC-401, N30P10 x Hyola PAC-401 and NQPO X Hyola PAC-401. 
Interaction N90P30 x Hyola PAC-401 gave 177.98% more oleic acid content 
than NoPo x Rohini which gave lowest value (Table 37). 
4.3.4.4 Linoleic acid 
Treatment N120P40 gave maximum value, however its effect was at par 
with that of N90P30. Treatment N90P30 gave 4.80% more linoleic acid content 
than the control. 
Among cultivars. TERI(OE) M21-Swama gave maximum value. It was 
followed by Hyola PAC-401. Cultivar Hyola PAC-401 gave 140.73% higher 
value than Rohini. 
Interaction N120P40 x TERI(OE) M21-Swama gave maximum value. 
However, its effect was at par with that of N90P30 x TERI(OE) M21-Swama. 
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Interaction N90P30 x Hyola PAC-401 gave 161.23% more linoleic acid content 
than NQPO X Rohini which gave minimum content (Table 38) 
4.3.4.5 Linolenic acid 
Treatment N90P30 gave maximum value, however its effect was at par 
with that of Ni2oP4o» N60P20 and N30P10. The control gave 4.78% less value than 
the N9oP3o-
Cultivar TERI(OE) M21-Swama gave maximum value. It was followed 
by Hyola PAC-401. Cultivar Rohini had, however, minimum content. 
Interaction N120P40 x TERI(OE) M21-Swama gave maximum value, 
however its effect was at par with that of N90P30 x TERI(OE) M21-Swama, 
N60P20 X TERI(OE) M21-Swama, N3oP,o x TERI(OE) M21-Swama and NoPo x 
TERI(OE) M21-Swama. Interaction NQPO X Rohini which gave lowest value 
and showed 9.08% less value than N90P30 x Hyola PAC-401 (Table 38). 
4.3.4.6 Erucic acid 
Treatment N120P40 gave maximum value. However, its effect was at par 
with that of N6oP2o> N30P10 and N9oP3o- The effect of treatment N90P30 was also 
at par with that of the control. 
Rohini gave maximum value. It was followed by TERI(OE) M21-
Swama which was also equalled by Hyola PAC-401. Cultivar Hyola PAC-401 
gave 99.15% less value than Rohini. 
Interaction N120P40 x Rohini gave maximum value. However, its effect 
was at par with that of N60P20 x Rohini and N30P10 x Rohini. Interaction N90P30 
X Hyola PAC-401 gave 99.07% less value than N120P40 x Rohini (Table 38). 
4.4 Experiment 4 
This experiment was planned (i) to test whether or not the productivity 
of the selected cultivars of rapeseed-mustard (Rohini, Hyola PAC-401 and 
TERI(OE) M21-Swama) could be improved by exploiting the technique of 
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Table 38 Effect of graded levels of: 
erucic 
(mean 
Treatments ^i / (kg/ha) 
No Po 
N30 Pio 
Neo P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
No Po 
N30 Pio 
N60 P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
No Po 
N30 Pio 
N60 P20 
N90 P30 
N120P40 
Mean 
CD at 5% 
acid content (%) in 
of three replicates) 
Rohini 
13.44 
14.19 
14.40 
14.80 
15.21 
14.41 
T=0.33 
8.11 
8.24 
8.51 
8.73 
8.96 
8.51 
T=0.38 
35.32 
35.47 
35.60 
35.40 
35.78 
35.51 
T=0.19 
soil-applied N and P on linoleic, linolenic and 
the oil of three cultivars of rapeseed-mustard 
Cultivars (C) 
HyolaPAC-401 
Linoleic acid 
34.01 
34.42 
34.66 
35.11 
35.23 
34.69 
C=0.26 
Linolenic acid 
8.53 
8.65 
8.78 
8.92 
8.17 
8.81 
C=0.29 
Erucic acid 
0.22 
0.28 
0.30 
0.33 
0.39 
0.30 
C=0.15 
TER1(0E)M21 
38.12 
38.42 
38.87 
39.75 
39.59 
38.95 
TxC=0.58 
10.23 
10.35 
10.44 
10.57 
10.69 
10.46 
TxC=0.67 
0.34 
0.45 
0.46 
0.39 
0.43 
0.41 
TxC=0.34 
Mean 
28.52 
29.01 
29.31 
29.89 
30.01 
8.96 
8.09 
9.24 
9.41 
9.27 
11.96 
12.07 
12.12 
12.04 
12.20 
N B: A uniform basal dose of 30 kg K/ha was applied at sowing 
foliar application and (ii) to examine if addition of a small quantity of sulphur 
in the spray containing nitrogen and phosphorus could enhance the yield 
further. There were, in all four basal + foliar treatments. The important results 
(Tables 39-46) are simimarized below. 
4.4.1 Growth Parameters 
Effect of treatments and their interaction with cultivars on all growth 
parameters as also cultivar differences studied at 85 DAS were significant 
(Tables 39,40). 
4.4.1.1 Shoot length per plant 
Treatment BN7OP28 + FN20P2S2 gave maximum value, however its effect was at 
par with that of BN70I>28 + FN20P2 and BN70P30 + FN20- Treatment BN7OP28 + 
FN20P2S2 gave 22.0% higher value than BN9OP30 + Fw (control). 
Regarding cuhivars, TERI(OE) M21-Swama gave maximum value. It 
was equalled by Rohini. Cultivar Hyola PAC-401 gave 27.26% less value than 
TERI(0E)M21-Swama. 
Among interactions, BN7OP28 + F20P2S2 x TERI(OE) M21-Swama gave 
maximum value. However, its effect was at par with that of BN7OP28 + FN2OP2S2 X 
Rohini, BN7OP28 + FN2OP2 X TERI(OE) M21-Swama, BN7OP3O + FN2O X Rohini, 
BN7OP28 + FN20P2 X Rohini and BN7OP3O + FN2O X TERI (OE) M21-Swama. 
Interaction BN7OP28 + FN2OP2S2 X Hyola PAC-401 showed 25.31% less value than 
BN70P28 + FN20P2S2 X TERI(OE) M21-Swama (Table 39). 
4.4.1.2 Leaf number per plant 
Treatments BN7OP28 + FN2OP2S2 gave maximum leaf number. Its effect was 
followed by that of BN70P28 + FN2OP2. Treatment BN70P28 + FN2OP2S2 gave 19.27% 
higher value than the control. 
Table 39 Effect of soil and foliar application of N, P and S on shoot length per plant 
(cm), leaf number per plant and area per leaf of three cultivars of rapeseed-
mustard (mean of three replicates) 
Treatments (T) 
(kg/ha) 
BN90P30+F w 
BN7OP30+FN20 
BN7OP28+FN2OP2 
BN70P28+FN20P2S2 
Mean 
CD at 5% 
BN90P30+F w 
BN7OP30+FN20 
BN7OP28+FN2OP2 
BN70P28+FN20P2S2 
Mean 
CD at 5% 
BN90P30+F 
w 
BN7OP30+FN20 
BN7OP28+FN2OP2 
BN70P28+FN20P2S2 
Mean 
CD at 5% 
Rohini 
Cultivars (C) 
Hyola 
PAC-401 
Shoot length per plant (cm) 
121.00 85.67 
137.45 
134.21 
142.46 
133.78 
T=12.62 
95.24 
102.45 
109.92 
98.32 
C= 10.93 
Leaf number per plant 
27.33 29.33 
33.99 
34.66 
35.33 
32.83 
T=0.51 
Area 
52.17 
52.67 
55.68 
59.75 
55.07 
T=4.18 
32.66 
34.99 
35.33 
33.08 
C=0.44 
per leaf (cm )^ 
88.89 
89.30 
95.73 
109.75 
95.92 
C=3.24 
TERl(OE) 
M21 
121.17 
132.73 
139.25 
147.59 
135.18 
TxC=21.86 
34.99 
36.55 
37.66 
38.66 
36.96 
TxC=0.89 
45.96 
56.73 
58.40 
60.00 
55.27 
TxC=7.25 
Mean 
109.28 
121.81 
125.30 
133.32 
30.55 
34.40 
35.77 
36.44 
62.34 
66.23 
69.94 
76.50 
N B: A uniform basal dose of 30 kg K/ha was applied at sowing 
Cultivar TERI(OE) M21-Swama proved best. It was followed by Hyola 
PAC-401. Cultivar Hyola PAC-401 gave 10.49% less value than TERI(OE) 
M21-Swama. 
With regard to interaction effect, BN7OP28 + FN20P2S2 X TERI(OE) M21-
Swama gave maximum leaf number. Its effect was followed by that of BN7OP28 
+ FN20P2X TERI(OE) M21-Swama. Interaction BN7OP28 + FN20P2S2 ^ Hyola PAC-
401 gave 8.61% less value than BN7OP28 + FN2OP2S2 X TERI(OE) M21-Swama 
(Table 39). 
4.4.1.3 Area per leaf 
Treatment BN70P28 + FN2OP2S2 gave maximum value. Its effect was 
followed by that of BN7OP28 + FN2OP2- Treatment BN7OP28 + FN20P2S2 gave 22.71% 
higher value than the control. 
Cultivar response, Hyola PAC-401 gave maximum leaf area. It was 
followed by TERI(OE) M21-Swama. Cultivar Hyola PAC-401 gave 74.17% 
higher value than Rohini which had lowest value. 
Interaction BN7OP28 + FN2OP2S2 X Hyola PAC-401 proved best for this 
parameter. Its effect was followed by that of BN7OP28 + FN2OP2 X Hyola PAC-
401. Interaction BN7OP28 + FN2OP2S2 X Hyola PAC-401 gave 110.36% more leaf 
area than BN9OP3O + FW X Rohini which exhibited lowest value (Table 39). 
4.4.1.4 Leaf area index 
Treatment BN70P28 + FN20P2S2 proved best. It was followed by BN7OP28 + 
FN20P2and gave 40.80% higher leaf area index than the control. 
Cultivars Hyola PAC-401 gave highest value. It was followed by TERI(OE) 
M21-Swama. Cultivar Hyola PAC-401 exhibited 31.04% higher value than Rohini 
which gave lowest value. 
Regarding interaction effect, maximum leaf area index was observed with 
BN70P28 + FN20P2S2 X Hyola PAC-401. Its effect was followed by that of BN7OP28 
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+ FN20P2 X Hyola PAC-401. Interaction BN70P28 + FN20P2S2 gave 81.58% higher 
value than BN9OP3O + FW X Rohini which gave lowest value (Table 40). 
4.4.1^ Fresh weight per plant 
Treatments BN7OP28 + FN2OP2S2 gave maximum value. However, its effect 
was at par with that of BN7OP28 + FN2OP2- Treatment BN7OP28 + FN2OP2S2 enhanced 
fresh weight per plant by 41.00% over the control. 
Cultivar Hyola PAC-401 proved best. It was followed by TERI(OE) 
M21-Swama and gave 8.73% higher value than Rohini which gave lowest 
value. 
Interactions BN70P28 + FN2OP2S2 X Hyola PAC-401 gave maximum fresh 
weight. Its effect was followed by that of BN7np28 +FN20P2 ^ Rohini. Interaction 
BN70P28 + FN2OP2S2 X Hyola PAC-401 gave 62.13% more fresh matter than 
BN90P30 + F^X Rohini which gave minimum value (Table 40). 
4.4.1.6 Dry weight per plant 
Treatment BN7OP28 + FN2OP2S2 proved best. Its effect was followed by that 
of BN7OP28 + FN2OP2 and gave 27.27% more dry matter than the control. 
Among cultivars, Hyola PAC-401 gave maximum value. It was 
followed by TERI(OE) M21-Swama. Cultivar Hyola-401 produced 9.12% more 
dry matter than Rohini which gave lowest value. 
Maximum dry weight was observed with BN7OP28 + FN2OP2S2 X Hyola 
PAC-401. However, its effect was at par with that of BN7OP28 + FN2OP2S2 X 
TERI(OE) M21-Swama, BN7OP28 + ^uion x TERI(OE) M2l-Swama, BN7OP28 + 
FN20P2S2 X Rohini and BN7OP28 + FN2OP2 X Hyola PAC-401. Interaction BN7OP28 + 
FN20P2S2 X Hyola PAC-401 gave 41.22% more dry matter than BN9OP3O + FW X 
Rohini which exhibited lowest value (Table 40). 
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Table 40 Effect of soil and foliar application of N, P and S on leaf area index, fresh 
weight per plant, dry weight per plant of three cultivars of rapeseed-mustard 
(mean of three replicates) 
Treatments (T) 
(kg^a) 
BN90P30+F 
w 
BN7OP30+FN20 
BN7OP28+FN2OP2 
BN70P28+FN20P2S2 
Mean 
CD at 5% 
BN9OP30+FW 
BN7OP30+FN20 
BN7OP28+FN2OP2 
BN70P28+FN20P2S2 
Mean 
CD at 5% 
BN90P30+F 
w 
BN7OP30+FN20 
BN7OP28+FN2OP2 
BN70P28+FN20P2S2 
Mean 
CD at 5% 
Rohini 
Cultivars (C) 
Hyola 
PAC-401 
Leafarea index 
3.02 
3.52 
4.08 
4.45 
3.77 
T=0.14 
4.11 
4.52 
4.72 
5.72 
4.77 
C=0.12 
Fresh weight per plant (g) 
246.60 
314.08 
327.53 
338.93 
306.78 
1=20.65 
256.25 
320.38 
335.87 
382.72 
323.80 
C= 17.88 
Dry weight per plant (g) 
18.97 
21.58 
23.14 
24.39 
22.02 
T=1.39 
21.64 
23.33 
24.38 
26.79 
24.03 
C=1.20 
TERl(OE) 
M21 
3.15 
3.28 
3.81 
4.31 
3.64 
TxC=0.24 
236.05 
290.21 
342.75 
320.23 
297.31 
TxC=35.77 
20.10 
23.32 
24.98 
26.11 
23.63 
TxC=2.41 
Mean 
3.43 
3.77 
4.20 
4.83 
246.30 
308.23 
335.38 
347.29 
20.24 
22.24 
24.17 
25.76 
N B: A uniform basal dose of 30 kg K/ha was applied at sowing 
4.4.2 Physiological and Bio-clieinical parameters 
4.4.2.1 Net photosynthetic rate 
The effect of treatments and their interaction with cultivars on this 
parameter as also cultivar differences studied at 85 DAS were significant 
(Table 41). 
Treatment BN7OP28 + FN20P2S2 proved best. Its effect was followed by that 
of BN7OP28 + FN2OP2- Treatment BN70P28 + FN2OP2S2 gave 73.83% higher value than 
the control. 
Cultivar Hyola PAC-401 gave highest net photosynthetic rate. It was followed 
by TERI(OE) M21-Swama and exhibited 12.59% higher value than Rohini which 
gave lowest value. 
Interactions BN7OP28 + FN20P2S2 ^ Hyola PAC-401 proved best. Its effect 
was followed by that of BN70P28 + FN20P2S2 X TERI (OE) M21-Swama. 
Interaction BN7OP28 + FN2OP2S2 X Hyola PAC-401 gave 103.14% higher net 
photosynthetic rate than BN9OP3O + FW X Rohini which had lowest value (Table 
41). 
4.4.2.2 Carbonic anhydrase activity 
Effect of treatments on activity of carbonic anhydrase, cultivar differences 
alone as well as in combination studies at 85 DAS were significant (Table 41). 
Among treatments, BN7OP28 + FN2OP2S2 gave highest value. Its effect was 
followed by that of BN7OP28 + FN2OP2- Treatment BN7OP28 + FN20P2S2 gave 25.14% 
higher carbonic anhydrase activity than the control. 
Cultivar Hyola PAC-401 proved best. It was followed by TERI(OE) 
M21-Swama and gave 31.76% higher value than Rohini which had lowest 
value. 
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Table 41 Effect of soil and foliar application of N, P and S on net photosynthetic rate 
and carbonic anhydrase activity of three cultivars of rapeseed-mustard (mean 
of three replicates) 
Treatments (T) 
(kgAia) 
BN9OP30+FW 
BN7OP30+FN20 
BN7OP28+FN2OP2 
BN70P28+FN20P2S2 
Mean 
CD at 5% 
BN9OP30+FW 
BN7OP30+FN20 
BN7OP28+FN2OP2 
BN70P28+FN20P2S2 
Mean 
CD at 5% 
Rohini 
Net photosynthetic 
8.26 
11.15 
13.22 
15.04 
11.91 
T=0.66 
Cultivars (C) 
Hyola 
PAC-401 
rate [^ mo 
9.47 
12.87 
14.52 
16.78 
13.41 
C=0.51 
TERI(OE) 
M21 
il(C02)/m^/sl 
9.33 
12.57 
14.15 
15.24 
12.82 
TxC=1.16 
Carbonic anhydrase activity [niniol(C02)/kg(f.m)/s] 
1.28 2.10 1.62 
1.73 
1.88 
1.93 
1.70 
T=0.04 
2.20 
2.24 
2.41 
2.24 
C=0.04 
1.85 
1.89 
1.94 
1.82 
TxC-0.08 
Mean 
9.02 
12.19 
13.96 
15.68 
1.67 
1.93 
2.00 
2.09 
N B: A uniform basal dose of 30 kg K/ha was applied at sowing 
Interaction BN7OP28 + FN2OP2S2 X Hyola PAC-401 gave highest activity of 
carbonic anhydrase. Its effect was followed by that of BN7OP28 + FN20P2 X Hyola 
PAC-401. Interaction BN7OP28 + FN2OP2S2 X Hyola PAC-401 gave 88.28% higher 
value than BN9OP3O + FW X Rohini which gave lowest value (Table 41). 
4.4.2.3 Leaf NPK content 
Effect of treatments on nitrogen and potassium and interaction (treatment x 
cultivar) on nitrogen and cultivar differences for nitrogen only studied at 85 DAS 
were signiflceint (Table 42). 
4.4.2.3.1 Nitrogen 
Treatment BN7OP28 + FN2OP2S2 gave maximum nitrogen content in leaf Its 
effect was followed by that of BN7OP28 + FN2OP2- Treatment BN70P28 + FN2OP2S2 
gave 2.13% more nitrogen in leaf than the control. 
With regard cultivar differences, TERI(OE) M21-Swama gave maximm 
value and was followed by Hyola PAC-401. Cultivar Hyola PAC-401 showed 
3.53% higher value than Rohini which exhibited lowest value. 
Maximum leaf nitrogen content was observed with BN7OP28 + FN20P2S2 X 
Hyola PAC-401. However, its effect was at par with that of BN7OP28 + FN2OP2S2 X 
TERI(OE) M21-Swama, BN7OP28 + FN2OP2 X TERI (OE) M21-Swama, BN7OP30 + 
FN2O X TERI(OE) M21-Swama and BN9OP3O + F^ xTERI(OE) M21-Swama. 
Interaction BN7OP28 + FN2OP2S2 X Hyola PAC-401 registered 6.57% more leaf 
nitrogen content than BN9OP3O + F ^ X Rohini which gave minimum value (Table 
42). 
4.4.2.3.2. Phosphorus 
Effect of treatments on phosphorus content and cultivar differences alone as 
well as in combination were not significant (Table 42). 
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Table 42 Effect of soil and foliar application of N, P and S on leaf nitrogen, phosphorus 
and potassium content (%) of three cultivars of rapeseed-mustard (mean of 
three replicates) 
Treatments (T) 
(kg/ha) 
BN9OP30+FW 
BN7OP30+FN20 
BN7OP28+FN2OP2 
BN70P28+FN20P2S2 
Mean 
CD at 5% 
BN9OP30+FW 
BN7OP30+FN20 
BN70P28+FN20P2 
BN70P28+FN20P2S2 
Mean 
CD at 5% 
BN9OP30+F w 
BN7OP30+FN20 
BN7OP28+FN2OP2 
BN70P28+FN20P2S2 
Mean 
CD at 5% 
Rohini 
3.65 
3.68 
3.69 
3.71 
3.68 
T=0.03 
0.326 
0.328 
0.345 
0.355 
0.338 
T=NS 
4.43 
4.49 
4.59 
4.68 
4.55 
T=0.20 
Cultivars (C) 
Hyola 
PAC-401 
Nitrogen 
3.76 
3.79 
3.82 
3.89 
3.81 
C=0.03 
Phosphorus 
0.335 
0.336 
0.347 
0.356 
0.343 
C=NS 
Potassium 
4.51 
4.61 
4.73 
4.80 
4.66 
C=NS 
TERl(OE) 
M21 
3.84 
3.85 
3.86 
3.88 
3.86 
TxC=0.06 
0.336 
0.337 
0.343 
0.352 
0.342 
TxC=NS 
4.53 
4.59 
4.71 
4.75 
4.64 
TxC=NS 
Mean 
3.75 
3.77 
3.79 
3.83 
0.332 
0.334 
0.345 
0.354 
4.49 
4.56 
4.68 
4.74 
N B: A uniform basal dose of 30 kg K/ha was applied at sowing 
4.4JJ3. Potassium 
Among treatments, BN7OP28 + FN20P2S2 gave maximum value. However, its 
effect was at par with that of BN70P28 + FN2OP2 and BNVOPSO + FN2O- Treatment 
BN70P28 + FN20P2S2 gave 5.56% higher value than the control. 
Cultivar differences and treatment x cultivar effect on this parameter 
were not significant (Table 42). 
4.4.3 Yield characteristics 
Effect of treatments and their interaction with cultivars on all 
parameters, except 1000-seed weight and oil content as also cultivar 
differences, except for 1000-seed weight studied at harvest were significant 
(Tables 43,44). 
4.4.3.1 Pods per plant 
Treatment BN7OP28 + FN2OP2S2 produced maximum pods per plant. Its 
effect was followed by that of BN7OP28 + FN2OP2- Treatment BN7OP28 + FN2OP2S2 
gave 45.12% more pods than the control. 
Cultivar Hyola PAC-401 proved best. It was followed by TERI(OE) 
M21-Swama and produced 81.31% more pods per plant than Rohini which had 
lowest value. 
Interactions BN7OP28 + FN20P2S2 >^ Hyola PAC-401 gave maximum pods 
per plant. Its effect was followed by that of BN7OP28 + FN2OP2 ^ Hyola PAC-401. 
Interaction BN7OP28 + FN2OP2S2 gave 212.60% more pods per plant than BN9OP3O + 
Fw X Rohini which had lowest value (Table 43). 
4.4.3.2 Seeds per pod 
Treatment BN7OP28 + FN20P2S2 gave maximum number of seeds per pod. 
The effect of this treatment was, however, at par with that of BN70P2g + FN20P2-
Treatment BN7OP28 + FN2OP2S2 increased seeds per pod by 24.83% over the 
control. 
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Table 43 Effect of soil and foliar application of N, P and S on pods per plant, seeds per 
pod and 1000-seed weight of three cultivars of rapeseed-mustard (mean of 
three replicates) 
Treatments (T) 
(kg/ha) 
BN90P30+F 
w 
BN7OP30+FN20 
BN7oP2g+FN2oP2 
BN70P28+FN20P2S2 
Mean 
CD at 5% 
BN90P30+F 
w 
BN7OP30+FN20 
BN7OP28+FN2OP2 
BN70P28+FN20P2S2 
Mean 
CD at 5% 
BN90P30+F w 
BN7OP30+FN20 
BN7OP28+FN2OP2 
BN70P28+FN20P2S2 
Mean 
CD at 5% 
Rohini 
Pods 
133.29 
153.99 
245.33 
267.29 
199.97 
T= 13.54 
Seeds 
10.36 
12.36 
13.41 
14.69 
12.70 
T=2.29 
Cultivars (C) 
Hyola 
PAC-401 
per plant 
300.33 
355.99 
377.33 
416.66 
362.58 
C= 11.72 
i per pod 
26.32 
25.32 
27.29 
30.25 
27.29 
C=1.98 
1000-seed weight (g) 
1.77 
2.68 
3.02 
3.40 
2.72 
T=NS 
1.04 
2.60 
2.78 
3.02 
2.36 
C=NS 
TERl(OE) 
M21 
280.00 
297.33 
333.77 
353.22 
316.08 
TxC=23.45 
13.22 
15.94 
16.92 
17.34 
15.85 
TxC=3.96 
1.80 
2.69 
2.88 
3.13 
2.62 
TxC=NS 
Mean 
237.87 
269.10 
318.81 
345.72 
16.63 
17.87 
19.21 
20.76 
1.54 
2.66 
2.89 
3.18 
N B: A uniform basal dose of 30 kg K/ha was applied at sowing 
Among cultivars, Hyola PAC-401 produced maximum seeds per pod. It 
was followed by TERI(OE) M21-Swama and gave 114.88% more seeds per 
pod than Rohini which had lowest value. 
Interaction BN7OP28 + FN2OP2S2 X Hyola PAC-401 gave maximum value. 
However, its effect was at par with that of B^470P28 + FN2OP2 ^ Hyola PAC-401 
and BN9OP3O + F ^ X Hyola PAC-401. Interaction BN7OP28 + FN2OP2S2 X Hyola 
PAC-401 gave 192.00% higher value than BN9OP3O + F ^ X Rohini which gave 
lowest value (Table 43). 
4.4.3.3 1000-seed weight 
Effect of treatment and their interaction with cultivars on this parameter as also 
cultivar differences were not significant (Table 43). 
4.4.3.4 Seed yield 
Treatment BN7OP28 + FN2OP2S2 gave maximum seed yield. The effect of this 
treatment was followed by that of BN7OP28 + FN20P2- Treatment BN7OP28 + FN20P2S2 
gave 84,53% more seeds per hectare than the control. 
Cultivar Hyola PAC-401 produced maximum seeds per hectare. 
However, it was at par with TERI(OE) M21-Swama. Cultivar Hyola PAC-401 
gave 9.58% higher seed yield than Rohini which had lowest value. 
Among interactions, BN7OP28 + FN2OP2S2 X Hyola PAC-401 gave 
maximum value. However, its effect was at par with that of BN7OP28 + FN2OP2S2 X 
TERI(OE) M21-Swama. Interaction BN7OP28 + FN2OP2S2 X Hyola PAC-401 
registered 103.85% higher seed yield than BN9OP3O + F^ X Rohini which gave 
minimum value (Table 44). 
4.4.3.5 Oil content 
Effect of treatments on oil content was not significant. 
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Table 44 Effect of soil and foliar application of N, P and S on seed yield, oil content 
and oil yield of three cultivars of rapeseed-mustard (mean of three replicates) 
Treatments (T) 
(kg/Tia) 
BN9OP30+FW 
BN70P30+FN20 
BN7OP28+FN2OP2 
BN70P28+FN20P2S2 
Mean 
CD at 5% 
BN9OP30+FW 
BN7OP30+FN20 
BN7OP28+FN2OP2 
BN70P28+FN20P2S2 
Mean 
CD at 5% 
Rohini 
Seed 
877.88 
1270.44 
1392.13 
1579.24 
1279.92 
T= 105.93 
Cultivars (C) 
Hyola 
PAC-401 
yield (kg/ha) 
938.31 
1348.63 
1533.82 
1789.56 
1402.58 
C=91.74 
Oil content (%) 
36.77 34.76 
37.73 
38.29 
39.11 
37.97 
T=NS 
35.35 
35.84 
36.32 
35.57 
C=1.18 
TERI(OE) 
M21 
890.65 
1284.08 
1457.07 
1626.28 
1314.52 
TxC=183.48 
36.64 
37.86 
38.30 
39.84 
38.16 
TxC=NS 
Mean 
902.28 
1301.05 
1461.01 
1665.02 
36.06 
36.98 
37.47 
38.42 
BN90P30+F w 
BN7OP30+FN20 
BN7OP28+FN2OP2 
BN70P28+FN20P2S2 
Mean 
CD at 5% 
Oil 
322.81 
479.34 
533.05 
617.64 
488.21 
T=27.52 
yield (kg/ha) 
326.16 
476.74 
549.72 
649.97 
500.65 
C=23.83 
326.34 
486.15 
558.05 
647.91 
504.61 
TxC=47.67 
325.10 
480.74 
546.94 
638.51 
504.61 
N B: A uniform basal dose of 30 kg K/ha was applied at sowing 
Arnong cultivars, TERI(OE) M21-Swama gave maximum oil content. It 
was, however, at par with Rohini. Cultivar Hyola PAC-401 produced 6.78% 
less oil content than TERI(OE) M21-Swama. 
Interaction effect was also not significant on this parameter (Table 44). 
4.4.3.6 Oil yield 
Among treatments, BN7OP28 + FN2OP2S2 proved best. Its effect was 
followed by that of BN7OP28 + FN20P2- Treatment BN7OP28 + FN20P2S2 gave 96.40% 
higher oil yield than the control. 
Cultivar TERI(OE) M21-Swama gave maximum value. However, it was 
at par with Hyola PAC-401. Cultivar Hyola PAC-401 gave 2.54% higher oil 
yield than Rohini which gave minimum value. 
Of interactions, BN7OP28 + FN20P2S2 X Hyola PAC-401 gave maximum 
value. However, its effect was at par with that of BN7OP28 + FN20P2S2 X TERI(OE) 
M21-Swama and BN7OP28 + FN2OP2S2 X Rohini. Interaction BN7OP28 + FN2OP2S2 X 
Hyola PAC-401 enhanced oil yield by 101.34% over the BN9OP3O + FW X Rohini 
which had lowest value (Table 44). 
4.4.4 Fatty acid composition 
Effect of treatments and their interaction with cultivars on fatty acid 
composition of oil (except palmitic and oleic acid) as also cultivar differences 
studied at harvest were significant (Tables 45, 46). 
4.4.4.1 Palmitic acid 
Effect of treatments on this fatty acid and cultivar differences alone as 
well as in combination were not significant (Table 45). 
4.4.4.2 Stearic acid 
Treatment BN7OP28 + FN2OP2S2 gave maximum value for this fatty acid, 
however its effect was at par with that of BN7OP28 + FN2OP2- Treatment BN7OP28 + 
FN20P2S2 gave 15.83% higher value than the control. 
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Table 45 Effect of soil and foliar application of N, P and S on palmitic, stearic, oleic 
content (%) in the oil of three cultivars of rapeseed-mustard (mean of three 
replicates) 
Treatments (T) 
(kgAia) 
BN9OP30+F w 
BN70P30+FN20 
BN7OP28+FN2OP2 
BN70P28+FN20P2S2 
Mean 
CD at 5% 
BN90P30+F w 
BN7OP30+FN20 
BN7OP28+FN2OP2 
BN70P28+FN20P2S2 
Mean 
CD at 5% 
BN90P30+F w 
BN7OP30+FN20 
BN7OP28+FN2OP2 
BN70P28+FN20P2S2 
Mean 
CD at 5% 
Rohini 
3.38 
3.71 
3.73 
3.77 
3.65 
T=NS 
4.05 
4.19 
4.35 
4.43 
4.25 
T=0.08 
21.03 
21.27 
21.56 
21.69 
21.39 
T=NS 
Cultivars (C) 
Hyola 
PAC-401 
Palmitic acid 
4.42 
4.59 
4.68 
4.74 
4.61 
C=NS 
Stearic acid 
1.05 
1.32 
1.47 
1.51 
1.34 
C=0.07 
Oleic acid 
57.31 
57.55 
58.12 
58.39 
57.84 
C=1.99 
TERI(OE) 
M21 
4.43 
4.56 
4.62 
4.72 
4.58 
TxC=NS 
1.53 
1.63 
1.68 
1.73 
1.64 
TxC-0.14 
38.58 
38.73 
38.92 
40.07 
39.07 
TxC=NS 
Mean 
4.08 
4.29 
4.34 
4.41 
2.21 
2.38 
2.50 
2.56 
38.97 
39.18 
39.53 
40.05 
N B: A uniform basal dose of 30 kg K/ha was applied at sowing 
Cultivar Rohini had maximum content of stearic acid. It was followed 
by TERI(OE) M21-Swama. Cultivar Rohini gave 217.16% higher value than 
Hyola PAC-401 which had lowest value. 
Interaction BN7OP28 + FN2OP2S2 X Rohini, equalled by BN7OP28 + FN20P2 X 
Rohini in its effect, gave maximum value. Interaction BN7OP28 + FN2OP2S2 X 
Hyola PAC-401 gave 43.80% higher value than BN9OP3O + F ^ X Rohini which 
registered minimum value (Table 45). 
4.4.4.3 Oleic acid 
Effect of treatments on this fatty acid was not significant. 
Cultivar Hyola PAC-401 gave maximum value. It was followed by 
TERI(OE) M21-Swama and gave 170.40% higher value than Rohini which had 
lowest value. 
Interaction (treatment x Cultivar) effect on oleic acid was also not 
significant (Table 45). 
4.4.4.4 Linoleic acid 
Treatment BN7OP28 + FN2OP2S2 gave maximum value. Its effect was 
equalled by that of BN7OP28 + FN2OP2- Treatment BN7OP28 + FM2OP2S2 gave 3.46% 
higher value than the control. 
Cultivar TERI(OE) M21-Swama gave maximum value. However, it was 
at par with Hyola PAC-401. Cultivar Hyola PAC-401 gave 148.99% more 
linoleic acid than Rohini which had lowest value. 
Among interactions, B^ g70P28 + FN2OP2S2 X TERI(OE) M21-Swama gave 
maximum value. However, its effect was at par v/ith that of BN7OP28 + FN2OP2 X 
TERI(OE) M21-Swama and BN7OP3O + FN2O X TERI(OE) M21-Swama. 
Interaction BN7OP28 + FN20P2S2 X Hyola PAC-401 registered 160.76% higher 
value than BN9OP3O + FW X Rohini which gave minimum value (Table 46). 
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Table 46 Effect of soil and foliar application of N, P and S on linoleic, linolenic and 
erucic acid content (%) in the oil of three cultivars of rapeseed-mustard (mean 
of three replicates) 
Treatments (T) 
(kg^a) 
w 
BN7OP30+FN20 
BN7OP28+FN2OP2 
BN70P28+FN20P2S2 
Mean 
CD at 5% 
BN9OP30+F w 
BN70P30+FN20 
BN7OP28+FN2OP2 
BN70P28+FN20P2S2 
Mean 
CD at 5% 
BN9OP30+F w 
BN7OP30+FN20 
BN70P28+FN20P2 
BN70P28+FN20P2S2 
Mean 
CD at 5% 
Rohini 
13.48 
13.78 
14.05 
14.31 
13.90 
T=0.49 
Cultivars (C) 
Hyola 
PAC-401 
Linoleic acid 
34.08 
34.33 
34.88 
35.15 
34.61 
C=0.43 
Linolenic acid 
8.19 
8.35 
8.58 
8.86 
8.49 
T=0.32 
35.22 
35.53 
35.75 
35.89 
35.60 
T=0.06 
8.62 
8.75 
8.93 
9.11 
8.85 
C=0.28 
Erucic acid 
0.21 
0.25 
0.37 
0.43 
0.31 
C=0.04 
TERl(OE) 
M21 
38.15 
38.46 
38.93 
39.21 
38.69 
TxC=0.86 
10.25 
10.45 
10.66 
10.78 
10.53 
TxC=0.57 
0.29 
0.36 
0.42 
0.57 
0.41 
TxC=0.11 
Mean 
28.57 
28.86 
29.29 
29.57 
9.02 
9.18 
9.39 
9.58 
11.91 
12.05 
12.18 
12.30 
N B: A uniform basal dose of 30 kg K/ha was applied at sowing 
4.4.4.5 Linoienic acid 
Treatment BN7OP28 + FN20P2S2 gave maximum value. However, its effect 
was at par with that of BN7OP28 + FN20P2- The control had, however, lowest value 
and showed 10.09% less value than BN7OP28 + FN20P2S2-
Cultivar TERI(OE) M21-Swama gave highest value. It was followed by 
Hyola PAC-401 which produced 15.95% less linoienic acid content than 
TERI(OE) M21-Swama. Rohini had, however, lowest content. 
Interaction BN7OP28 + FN2OP2S2 X TERI(OE) M21-Swama gave maximum 
value. However, its effect was at par with that of BN7OP28 + FN20P2 X TERI(OE) 
M21-Swama, BN7OP3O + ^mo x TERI(OE) M21-Swama and BN9OP3O + F ^ X 
TERI(OE) M21-Swama. Interaction BN70P28 + FN20P2S2 X Hyola PAC-401 gave 
15.49% less value than BN7OP28 + FN2OP2S2 X TERI(OE) M21-Swama. Interaction 
BN90P30 + FW X Rohini, however, exhibited lowest value (Table 46). 
4.4.4.6 Erucic acid 
Of treatments, BN7OP28 + FN2OP2S2 gave maximum value. The value of 
treatment BN7OP28 + FN20P2 was the second highest. The control gave lowest 
value and showed 3.17% less value than treatment BN7OP28 + FN2OP2S2. 
Cultivar Rohini gave highest erucic acid content. It was followed by 
TERI(OE) M21-Swama. Cultivar Hyola PAC-401 gave 99.12% less erucic acid 
content than Rohini. 
Interaction BN7OP28 + FN2OP2S2 X Rohini gave maximum erucic acid 
content. Interaction BN7OP28 + FN2OP2 occupied the second position. Interaction 
BN7OP28 + FN2OP2S2 X Hyola PAC-401 gave 98.8% less value than BN7OP28 + 
FN20P2S2 X Rohini (Table 46). 
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Chapter 5 
DISCUSSION 
Plants obtain nutrients from soil through their root system. Under 
natural habitat, after their death and decay, the plants generally return the 
absorbed nutrients to the soil. However, in cultivated lands, total economic and 
biological produce of crop plants is removed entirely from the field and thus 
the soil becomes depleted of nutrients if their regular, adequate and balanced 
supply is not accomplished before raising crops. To ensure good harvest of 
high yielding varieties of crops, additional amount of nufrients may be required 
to be added to the soil. As the varietal differences in the 'feeding power' within 
species have been, in certain cases, found to be greater than differences 
between related species or genera (Millikan, 1961), it becomes imperative to 
work out the precise package of nutrient input for maximum realization of the 
genetic potential of the crop plants. 
It is well known that absorption of nutrients continues throughout the 
life of plants. However, when plants become old, the process of absorption may 
become slow. This may be due to the weakening of the root system or 
unavailability of nutrients resulting from leaching, fixation, decomposition and 
volatilization leading to a lowering of the nutrient status of plants, particularly 
at vital stages of their growth at which their nutritional requirements increase 
with the development of sink. Under such conditions, ready availability of 
adequate quantities of nutrients through supplemental top-dressing or foliar 
spray is highly desirable to realize their fiill genetic potential. 
Many reports reveal that the supplemental foliar spray of nufrients is 
highly successful technique for profitable cultivation of a number of crop 
plants (Wittwer and Teubner, 1959; Wittwer and Bukovac, 1969; Afridi and 
Wasiuddin, 1979; Mohammad et al, 1987; Kannan, 1990; Khan, 1994; 
Mohammad. 1994: Khafi et ai. 1997: Siddiaui. 1999: Patnaik. 2003^ 
It may be added that the knowledge of the physiological basis of the 
performance of a plant is helpful to assess its relationship with the 
environmental conditions, including mineral nutritional inputs. Moreover, the 
manifestation of the performance of a crop could be in terms of various 
parameters. Thus, on the basis of the observation in terms of growth, 
physiological and biochemical markers and yield and quality characteristics 
studied at various stages of growth, one can determine the role, if any, played 
by the applied nutrients. 
For the present study, rapeseed-mustard was selected as the test crop. 
The main aims were (i) selection of promising cultivars on the basis of yield 
and quality, (ii) realization of the full potential of this crop through judicious 
application of basally applied nutrients under the agro-climatic conditions of 
western Uttar Pradesh and (iii) selection of a cost-effective combination of 
basal and foliar application of the nutrients. The important results are discussed 
below. 
5.1 Growth parameters 
The data of Experiment 1 (Table 7) revealed that cultivars vary in their 
growth performance particularly at 60 DAS. For example, tallest plants were 
recorded in Kranti, Rohini, or TERI(OE) M21-Swama and shortest plants in 
Pusa Gaurav. Maximum leaf number was registered in Rohini or TERI(OE) 
M21-Swama. Highest and lowest leaf area index was found in Hyola PAC-401 
and Kranti respectively. Maximum fresh matter was produced by Hyola PAC-
401 and minimum by Jagannath. Highest value for dry matter production was 
noted in Hyola PAC-401, Rohini, TERI(OE) M21-Swama or IGC-01 and 
minimum in Kranti. 
Growth variations among cultivars were confirmed in Experiments 2 
and 3 particularly at 60 DAS and in Experiment 4 at 85 DAS (Tables 11-16, 
25-30, 39, 40). For instance, maximum height and leaf number were recorded 
in TERI(OE) M21-Swama, leaf area, leaf area index and fresh weight in Hyola 
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PAC-401 and dry weight in TERI(OE) M21-Swama or Hyola PAC-401. 
Minimum height and leaf number were registered in Hyola PAC-401, leaf area 
and leaf area index in TERJ(OE) M21-Swama and fresh and dry weight in 
Rohini. 
Similar genotype variations in growth parameter have been reported 
by Mohammad et al. (1984), Kunelius and Sanderson (1990), Shukla and 
Kumar (1993), Ahmad et al. n999b), Aly et al. (1999), Tahoun et ai (1999), 
and 2^eer et al. (1999), among others, working on cultivars of rapeseed-
mustard other than those selected for the present study. The superior dry weight 
of cultivars seems to be the cumulative effect of various growth parameters. 
The variation in cultivars in terms of growth parameters could be ascribed to 
their genetic make-up. 
The observed improvement over the no-nutrient control in plant height, 
leaf number, leaf area and leaf area index that resulted from the basal 
application of nitrogen and phosphorous (Tables 11-14), is on expected lines 
and corroborates the findings of Pradhan et al. (1994), Tomar et al. (1997), 
Bhari et al. (2000), Hatmode et al. (2001) and Rathod et al. (2001). The 
enhancing effect of the application of these nutrients can be explained on the 
basis of the fact that the soil is the primary source of mineral nutrients required 
by plants. Cultivation of crop plants year after year in the same field results in 
the deficiency of the essential mineral nutrients in general and the more 
heavily-demanded nutrients (nitrogen, phosphorus and potassium as also 
sulphur for the test crop) in particular, if these are not added adequately and 
regularly before each sowing (Miller and Donahue, 1990; Marschner, 2002). 
The ameliorative effect of nitrogen and phosphorus on growth 
parameters may be explained on the basis of their roles. It may be added that 
nitrogen is a component of many metabolically important compounds, like 
amino acids, chlorophyll, coenzymes, enzymes, proteins, purines and 
pyrimidines. Likewise, phosphorus acts as an integral part of many biologically 
important compounds, such as coenzymes, nucleic acids, nucleosides. 
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nucleotides, phospholipids, phosphoric acid, phosphorylated sugars and sugar 
phospholipids (Salisbury and Ross, 1992; Marschner, 2002). Unlike nitrogen 
and phosphorus, potassium does not form a stable structural part of any 
molecule inside the plant cell. However, it is required for several important 
physiological and biochemical processes, such as adenine synthesis, glycolysis, 
osmoregulation, oxidative phosphorylation, peptide bond synthesis and 
translocation of solutes. It is also an activator for several enzymes, like 
fructokinase, pyruvic acid kinase and transacetylase (Webster, 1953; 1956; 
Nason and McEkoy 1963; Evans and Sorger, 1966; Fischer and Hsiao 1968; 
Lauchli and Pfluger, 1978; Webb and Mansfield, 1992; Marschner, 2002). 
Thus, on the basis of the roles played by these nutrients, it could easily be 
visualized that their direct or indirect involvement in cell division, cell 
enlargement and tissue and organ formation would be expected to result in 
improvement in these structures. This, in turn, is responsible for increase in 
plant height (Table 11) leading to better orientation of leaves for harvesting 
solar energy as well as for facilitating leaf expansion leading to larger leaf area 
(Tables 12, 13) and leaf area index (Table 14) of treated plants. 
The enhancing effect of basally applied sulphur with nitrogen and 
phosphorus (Experiment 3) in comparison with that of nitrogen and phosphorus 
only (Experiment 2) on the above growth parameters (Tables 11-14, 25-28) 
could be traced to its involvement in several physiological processes. As noted 
for nitrogen and phosphorus, sulphur also acts as a constituent of several 
metabolically active plant constituents, including adenosine-5-
phosphosulphate, biotin, coenzyme A, cysteine, cystine, enzymes, glutathione, 
lipoic acid, methionine, 3-phosphoadenosine-5-phosphosulphate, proteins, 
sulphydryl (-SH) group containing compounds, thiamine and thiamine 
pyrophosphate (Nason and McEkoy, 1963; Clarkson and Hanson, 1980; 
Marschner, 2002). Sulphur also helps in chlorophyll formation (Pirson, 1955) 
and stimulates root growth (Gilbert, 1951). Thus, being an important essential 
element particularly for brassica crops, sulphur is directly or indirectly 
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involved in the growth of rapeseed-mustard, like other crops, through the 
production of metabolites. These, in turn, promote formation and enlargement 
of new cells in treated plants; hence, the enhanced values for various growth 
parameters (Tables 25-28). It may be mentioned that the data on the 
ameliorating effect of the application of sulphur with nitrogen and phosphorus 
(Experiments 2, 3) corroborates the findings of Khanpara et al. (1993a), Vinod 
(1996) and Patidar et al. (2000). 
The explanation for the noteworthy ameliorating effect of soil plus foliar 
application compared with soil application alone, particularly of nitrogen and 
phosphorus together, on the growth parameters in Experiment 4 (Tables 39, 40) 
is not far to seek. It may be added that considerable quantities of soil-applied 
nutrients would have been rendered unavailable to the crop as it grew. The 
ready supply of the required nutrients to the leaves (the site of their 
metabolism) would more than compensate the 'hidden hunger' of the growing 
crop for nitrogen and phosphorus. Similar results have been obtained by other 
workers and have been reviewed from time to time (Wittwer and Teubner, 
1959; Wittwer and Bukovac, 1969; Afridi and Wasiuddin, 1979; Mohammad, 
2000). The growth promoting effect of the inclusion of a small quantity of 
sulphur in the supplemental spray of nitrogen and phosphorus observed in 
Experiment 4 (Tables 39, 40) could be explained on the basis of its role 
mentioned earlier (p.94). It could be noted that the data on the ameliorative 
effect of supplemental foliar nitrogen, phosphorus and sulphur broadly confirm 
the earlier findings of several workers, including Naqvi et al. (1977), Khan 
(1993), Vir and Verma (1997), Mohammad (2000) and Brockley (2004). As 
mentioned earlier (p.93, 94) for nitrogen and phosphorus, ready availability of 
leaf-applied sulphur at their metabolic site ensures its maximum utilization. 
Increase in shoot length, leaf number and leaf area index (Tables 11-14, 
25-28, 39, 40) was expectedly reflected in enhanced fresh and dry weight 
(Tables 15, 16, 29, 30, 40) of the treated plants. This proposition is further 
confirmed by correlation studies highlighting a positive and strongly positive 
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contribution of these growth parameters towards fresh and dry matter 
accumulation (Tables 47-49). 
5.2 Physiological and bio-chemical parameters 
The high value for net assimilation rate in cultivar Rohini, followed by 
Hyola PAC-401, in Experiment 1 (Table 7) and Hyola PAC-401 in 
Experiments 2 and 3 (Tables 17,31), net photosynthetic rate in Hyola PAC-401 
in Experiment 4 (Table 41), carbonic anhydrase activity in Hyola PAC-401 in 
all experiments (Tables 8, 17, 31, 41), leaf NPK content in Hyola PAC-401 in 
Experiment 1 (Table 8), nitrogen content in TERI(OE) M21-Swama in 
Experiments 2-4 (Tables 18, 32, 42) and potassium content in TERI(OE) M21-
Swama in Experiment 3 (Table 34) observed at various stages could be 
ascribed to the variation in the genetic make-up of cuhivars . Variations in 
these parameters have also been reported by Shukla and Kumar (1993), Khan 
(1994) and Alvi et al. (2000) working on other cultivars of rapeseed-mustard. 
The explanation for the observed ameliorative effect of basal 
combinations of nitrogen and phosphorus in Experiment 2 (also sulphur in 
Experiment 3) over the no-nutrient control on leaf carbonic anhydrase activity 
at both stages (Tables 17, 31) could be the dependence of the synthesis of 
structural and catalytic proteins on these nutrients (Lynch and Rodriguez, 1994; 
Harmens et al, 2000; Marschner, 2002). The enhancement in the enzyme 
activity due to soil plus foliar application of a total of 90 kg N and 30 kg P/ha 
(particularly spray of nitrogen and phosphorus together) over the water-sprayed 
control in Experiment 4 (Table 41) could be the result of the ready availability 
of the sprayed nutrients at the site of their metabolism. Probably, the demand of 
the control plants is not met fully from the soil and thus lower level of activity 
was observed. However, foliar fertilization meets this deficiency and offsets the 
effect of this "hidden hunger". This resulted in the higher level of enzyme 
activity (Table 41). The observed positive response to spray sulphur in the 
company of nitrogen and phosphorus in terms of carbonic anhydrase activity 
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(Table 45) could be ascribed to the fact that sulphur forms an integral part of 
proteins and enzymes; hence higher values for the enzyme activity of treated 
plants. The increase in carbonic anhydrase activity would enhance the rate of 
assimilation of carbon dioxide. This was reflected in the improvement in net 
assimilation rate in Experiments 2 and 3 (Tables 17, 31) and net photosynthetic 
rate in Experiment 4 (Table 41) leading to higher dry matter production. 
Similar beneficial effect of these nutrients on the activities of various enzymes, 
as well as on photosynthetic rate have been reported by Dietz and Foyer 
(1986), Rao and Terry (1989), Fredeen et al. (1990), Kumar and Singh (1994), 
Harmens et al. (2000) and Azam (2002). 
The reason for the enhancing effect of basal application of nitrogen and 
phosphorus in Experiment 2 (also sulphur in Experiment 3) over the no-
nutrient control on the leaf NPK content at various growth stages (Tables 18, 
19, 32, 33) is not far to seek. As the control plants were supplied no fertilizer, 
they had to depend totally on the nutrients (present in low concentration) in the 
soil. On the other hand, the treated plants could get adequate supply of these 
nutrients, ensuring their continuous absorption by roots, followed by smooth 
translocation to the top. This would result finally in satisfactory distribution 
throughout the foliage. An increase in the nitrogen and phosphorus content as a 
result of application of nitrogen, phosphorus and sulphur has also been noted 
by Hocking et al. (1997), Ahmad and Abdin (2000a), Rathore and Manohar 
(1992), Hayat et al. (1996) and Chandel et al. (2003), among others. 
The explanation for the enhancing effect of a total of 90 kg N plus 30 kg 
P/ha applied through soil and foliage over that of the same quantities of these 
nutrients applied only to the soil, and of the additional presence of sulphur with 
these nutrients in the spray, on leaf nitrogen and potassium content (Table 42) 
could be that, on entering the mesophyll cells, the sprayed nutrients might 
increase the rate of metabolism associated with these nutrients. This results in 
the increased production of compounds containing these nutrients in the leaves 
of treated plants and is manifested on analysis in their higher content. These 
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results broadly corroborate the findings of Thome (1955), Khan (1993), 
Mohammad and Khan (1997), Siddiqui (1999) and Mohammad (2000). 
5.3 Yield characteristics 
The observed higher values for pods per plant, seeds per pod, seed yield, 
oil content and oil yield in Hyola PAC-401, 1000-seed weight in TERI(OE) 
M21-Swama in Experiment 1 (Table 9) and most parameters in Hyola PAC-
401 in Experiments 2-4 (Tables 21, 22, 35, 36, 43, 44) and lowest values for 
most parameters in Kranti in Experiment 1 (Table 9) and in Rohini in 
Experiments 2-4 (Tables 21, 22, 35, 36, 43, 44) could be ascribed to the 
variation in their genetic make-up. It may be recalled that data obtained in 
similar studies undertaken by Mohammad et al. (1984), Kimelius and 
Sanderson (1990), Wright et al. (1995), Aly et al. (1999) and Tahoun et al. 
(1999), working on other cultivars of rapeseed-mustard, have also highlighted 
similar inherent differences. 
The ameliorative effect of soil-applied nitrogen and phosphorus 
(Experiment 2) and also of sulphur (Experiment 3) over the no-nutrient control 
and inclusion of sulphur in the basal nitrogen and phosphorus treatments 
(Tables 21, 22, 35, 36) corroborates broadly the finding of Pradhan et al. 
(1994), Tomar et al. (1997), Patidar et al. (2000), Chaubey el al. (2001), 
Hatmode et al. (2001), Kumar et al. (2001 b), Rathod et al. (2001) and Singh 
(2002). 
Improvement in leaf area (Tables 13, 27), on the one hand and in the net 
assimilation rate (Tables 17, 31) on the other, seems to be mainly responsible 
for the observed parallel increase in the various yield characteristics studied. 
The enhanced leaf area of the treated plants together with efficient carbon 
assimilation enabled them to produce larger quantities of photosynthates as is 
also borne out by the higher dry weight of the treated plants (Tables 16, 30). 
The cumulative effect of increased carbonic anhydrase activity (Tables 17, 31) 
and the earlier mentioned adequate leaf NPK content (Tables 18-20, 32-34) that 
elicited a positive response with regard to various growth parameters to the 
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application of the said nutrients (Tables 11-14, 25-28, 39, 40), enhanced dry 
matter production by the treated plants (Tables 16, 31). Expectedly, the 
sequence of events led to a positive effect on the yield attributes studied 
(Tables 21, 35). This sustained increase in yield attributes itself culminated 
expectedly in the maximization of seed yield (Tables 22, 36). The above 
propositions are further confirmed by correlation studies wherein seed yield 
was found to be significantly and positively related to most of the 
characteristics studied at various stages of growth (Tables 47,48). 
Our^ata show that split application of nitrogen and phosphorus (soil 
plus foliar) compared with the water-sprayed control elicited good response of 
various yield attributes in Experiment 4 (Table 43, 44). These results 
corroborate the findings of Samiullah et al. (1985), Mohammad et al. (1987), 
Khan (1993), Mohammad (1994), Chandel et al. (1997a,b), Mohammad and 
Khan (1997), Siddiqui (1999) and Mohammad (2000). As discussed already 
under the heading of growth and other parameters, here also it may be assumed 
that the supply of these essential macronutrients through supplemental foliar 
spray at the site of their metabolism manifests itself in their observed higher 
efficacy in response to the enhanced demand of the developing siliquae. 
Addition of sulphur to the spray containing nitrogen and phosphorus boosts the 
yield parameters further in Experiment 4 (Tables 43, 44). It may be added that 
in the present study, a similar pattern of the effect of supplemental foliar 
application of nitrogen, phosphorus and sulphur on growth characters, net 
photosynthetic rate, leaf carbonic anhydrase and the leaf NPK content has been 
noted earlier (p.95, 96, 97). It may be added that these are significantly and 
positively correlated with yield attributes (Table 49). Similar ameliorating 
effect of spray sulphur on yield has been noted by Afridi et al. (1978, 1983), 
Khan (1993) and Mohammad (2000). 
5.4 Fatty acid composition 
The fatty acid composition of oil of the various cuhivars in 
Experiment 1 substantiates the superiority of Hyola PAC-401, followed by 
TERI(OE) M21-Swama, as these had higher content of oleic and linoleic acid 
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and minimum percentage of iinolenic and erucic acid (Table 10). These 
cultivars also excelled in terms of the above composition of fatty acids in 
Experiments 2 and 3 (Tables 23, 24, 37, 38,45,46). Similar differences in fatty 
acid composition in cultivars of rapeseed-mustard have also been noted by 
Ahuja et al. (1984), Thakral et al. (1995), Tahoun et al. (1999), Ahmad and 
Abdin (2000a) and Kumar et al. (2002) The variation in fatty acid composition 
could be ascribed to the variation in their genetic make-up. In view of the 
almost negligible (0.18-0.59%) content of erucic acid, both Hyola PAC-401 
and TERI(OE) M21-Swama seem to be more suitable from the point of view of 
human nutrition. Data on fatty acid composition in Experiments 2 and 3 
(Tables 23, 24) showed that most of the fatty acids studied increased with the 
application of nitrogen and phosphorus (Experiment 2) and also of sulphur 
(Experiment 3) over the no-nutrient control. These findings are broadly in 
accordance with those of Dhindsa and Gupta (1974), Sotomayer (1977), 
Bishnoi and Singh (1979), Thakral et al. (1995), Joshi et al. (1998), Ahmad and 
Abdin (2000a,b) and Jan et al. (2002). It is interesting to note that almost nil 
increase in erucic acid (0-3.75%) in comparison with the no-nutrient control on 
the one hand and no increase in Iinolenic acid in Experiment 2 and a slight 
increase (5.02%) in Experiment 3 on the other, are plus points for human 
consumption as high percentage^ of these fatty acids in the oil deteriorates its 
nutritional quality. 
The data of Experiment 4 revealed that there was an increase in linoleic, 
Iinolenic and erucic acid content due to split (soil + foliar) application of 
nitrogen plus phosphorus, and also in the company of sulphur, over the water-
sprayed control (Table 46). It seems that the prompt supply of these nutrients 
encourages unsaturation. It may be added that the available literature records 
improvement in fatty acid contents, including the above named, albeit as a 
result of soil application of nutrients (Dhindsa and Gupta (1974), Sotomayer 
(1977), Thakral et al. (1995), Joshi et al (1998), Ahmad and Abdin (2000 a,b) 
and Jan et al (2002). The increase in the human unfriendly fatty acids was not 
much higher. For example, split application of nitrogen and phosphorus (and 
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also inclusion of sulphur in the spray) increased erucic acid content only by 
2.36 - 3.27% over the water-sprayed control. However, a noteworthy increase 
in linoleic acid due to these treatments was a welcome observation for human 
consumption. 
From the foregoing discussion the following points emerge and these may 
be claimed as first reports in the literature with regard to the mineral nutrition 
of rapeseed-mustard: 
(1) The comparative performance of seven newly released cultivars of 
rapeseed-mustard, namely Hyola PAC-401 (Brassica napus L.), 
Jagannath, Kranti, Rohini and TERI(OE) M21-Swama {Brassica juncea 
L.) and IGC-01 and Pusa Gaurav {Brassica carinata Braun) raised with 
a uniform recommended basal dose of nitrogen, phosphorus and 
potassium, was studied under the agro-climatic conditions of western 
Uttar Pradesh. 
(2) The data for various parameters of the seven cultivars revealed the 
overall superiority of Hyola PAC-401, which gave maximum yield of 
seed and oil. It was followed by TERI(OE) M21-Swama, which 
generally showed parity with Rohini. 
(3) The oil of Hyola PAC-401 and TERI(OE) M21 -Swama was found to be 
almost free from erucic acid and contained only about 0.15% of the 
undesirable fatty acid. 
(4) The comparative performance of two erucic acid free cultivars, viz. 
Hyola PAC-401 and TERI(OE) M21-Swama and the highest yielding 
locally popular variety Rohini, found suitable for the agro-climate of 
western Uttar Pradesh, was studied in detail in relation to their 
requirement of nitrogen, phosphorus and sulphur applied through soil or 
soil + supplemental foliar spray, maintaining a fixed dose of basally 
applied potassium. 
(5) The soil-applied nitrogen and phosphorus proved beneficial for the 
performance of each of the three cultivars of rapeseed-mustard 
mentioned in (4) above. 
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(6) Application of basal 90 kg N+30 kg P + 30 kg K/ha proved best for seed 
and oil yield of the three cultivars. 
(7) The inclusion of sulphur in the basal nitrogen, phosphorus and 
potassium fertilizers proved beneficial for the rapeseed-mustard crop, 
with 90 kg N+30 kg P + 30 kg K + 50 kg S/ha giving best results. 
(8) Split application of nitrogen and phosphorus (basal + foliar) proved 
beneficial for this crop, with basal 70 kg N + 28 kg P + foliar 20 kg N + 
2 kg P/ha giving better results. 
(9) Inclusion of a small quantity of sulphur (2kg S/ha) in the spray 
containing nitrogen and phosphorus (20 kg N + 2 kg P//ha) improved the 
performance of the crop further. 
(10) Lastly, the factors that contributed to the maximization of seed yield 
were the increase in (i) shoot length per plant, (ii) leaf number per plant, 
(iii) area per leaf, (iv) leaf area index, (v) fi-esh weight per plant, (vi) dry 
weight per plant, (vii) net assimilation rate, (viii) net photosynthetic rate, 
(ix) carbonic anhydrase activity, (x) leaf NPK content, (xi) pods per 
plant, (xii) seeds per pod and (xiii) 1000-seed weight. This conclusion is 
not only based on the data but also on computation of coefficients of 
correlation. 
To put the above in a nut shell it may be concluded that the genetic 
potential of the two erucic acid free cultivars of rapeseed-mustard, namely 
Hyola PAC-401 and TERI(OE) M21-Swama, and one locally popular high 
yielding cultivar (Rohini) could be flilly realized if they were grown with a 
y 
sub-optional dose of 70 kg N + 28 kg P/ha in the presence of 30 kg K/ha, 
supplemented with the combined foliar spray of 20 kg N+2 kg P + 2 kg S/ha. 
However, if the spray facilities are not available (as in the case of poor and 
marginal farmers of Uttar Pradesh), the crop should be grown with a basal 
dressing of 90 kg N + 30 kg P + 30 kg K/ha using single superphosphate as a 
combined source of phosphorus and sulphur. 
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Chapter 6 
Summwiy. 
Chapter 6 
SUMMARY 
The present thesis comprises six chapters. In Chapter 1 (Introduction), 
the importance of the problem "Study of the Effect of N, P and S Application 
on the Performance of Rapeseed-mustard", has been discussed briefly. In view 
of the lacunae in the understanding of the problem, justifications have been put 
forward for undertaking the present work. Moreover, the logical basis of each 
of the four experiments undertaken has been mentioned briefly. 
In Chapter 2 (Review of Literature), publications pertaining to general 
aspects of rapeseed-mustard, to inorganic nutrition in general, and to the 
physiological roles of nitrogen, phosphorus, potassium and sulphur as well as 
to the effect of their application to rapeseed-mustard have been reviewed with 
special reference to the work done in India. 
In Chapter 3 (Materials and Methods), details of the techniques and 
methodology employed for conducting the four field experiments have been 
given. 
Chapter 4 (Experimental Results) includes the detailed data regarding 
crop response based on growth, biochemical and physiological parameters, 
yield characteristics and oil quality. These were mostly found significant on 
statistical analysis at p>0.05. The salient data of the four field experiments, 
each conducted in the "rabi" (winter) season, are summarized below. 
Experiment 1 was planned as a variety trial. It was conducted during 
2000-2001, according to a simple randomized block design, to study the 
physio-morphological response of seven cultivars of rapeseed-mustard, namely 
Hyola PAC-401 {Brassica napus L.), Jagannath, Kranti, Rohini and TERI (OE) 
M21-Swama {Brassica juncea L.) and IGC-01 and Pusa Gaurav {Brassica 
carinata Braun). These were raised with a uniform recommended dose of 80 kg 
N + 1 8 k g P + 30kg K/ha. The performance of the cultivars was assessed at 
two stages of growth, namely 45 and 60 DAS. The characteristics selected for 
this purpose were shoot length, leaf number, leaf area, leaf area index, fresh 
weight and dry weight. In addition, physiological and biochemical parameters 
(net assimilation rate, nitrogen, phosphorus and potassium content in leaves 
and carbonic anhydrase activity) were also studied at 45 and 60 DAS. Yield 
attributes (pod number per plant, seed number per pod, 1000-seed weight, seed 
yield, oil content and oil yield) and quality (fatty acid composition) were 
studied at harvest. Statistical analysis revealed the overall superiority of Hyola 
PAC-401, which gave maximum yield of seed and oil. It was followed by 
TERI (OE) M21-Swama, which generally showed parity with Rohini. For 
example, Hyola PAC-401 gave 12.0% higher net assimilation rate, 22.6% 
higher seed yield and 17.4% higher oil yield than Jagannath which generally 
gave minimum value. Also, the oil of Hyola PAC-401 and TERI (OE) M21-
Swama was found to be almost free from erucic acid and their oil contained 
only about 0.18% of this imdesirable fatty acid. 
Experiment 2, a factorial randomized block design field test, was 
conducted during 2001-2002 on three better performing cultivars of rapeseed-
mustard selected on the basis of the data for seed yield and fatty acid 
composition of oil obtained in Experiment 1. They included the two erucic 
acid-free cuhivars Hyola PAC-401 (Brassica napus L.) and TERI (OE) M21-
Swama {Brassica juncea L.) and the highest yielding locally popular variety 
Rohini {Brassica juncea L.) as test cultivars. The aim was to determine the best 
combination of basal doses of nifrogen and phosphorus, applied as urea and 
DAP respectively, alongwith a uniform dose of potassium (30 kg K/ha) under 
local agro-climatic conditions^ out of NQPO, N30P10, Neo P20» N90P30 and N120P40 
making allowance for the nitrogen in DAP while calculating the required 
quantity of urea in each combination. The data revealed that: 
(i) Application of 90 kg N + 30 kg P + 30 kg K/ha was best for most of 
the parameters studied. For example, this treatment increased net 
assimilation rate by 98.7%, seed yield by 78.6% and oil yield by 
72.7% over the control. 
104 
(ii) Cultivar Hyola PAC-401, followed by TERI (OE) M21-Swama, 
proved best, particularly on the basis of high seed yield and oil yield 
and low erucic acid content. Rohini proved a poor third, giving lower 
yield and high content of erucic acid. Hyola PAC-401 exhibited 
8.0% higher net assimilation rate, 9.7% higher seed yield and 5.7% 
higher oil yield than Rohini. The oil of Hyola PAC-401 and TERI 
(OE) M21-Swama contained almost negligible erucic acid (0.40% 
and 0.59% respectively) compared with that in Rohini (35.5%). 
(iii) The interaction between N90P30 and Hyola PAC-401 proved best for 
most parameters. For example, this interaction enhanced net 
assimilation rate by 103.5%, seed yield by 100.4% and oil yield by 
88.7% over NQPO X Rohini which gave minimum value. 
Experiment 3 was conducted concurrently with Experiment 2 according 
to a factorial randomized block design on the same cultivars as in Experiment 
2. In view of their sulphur-rich nature, this experiment was aimed to check 
whether their productivity could be further enhanced by inclusion of sulphur in 
the basal nitrogen, phosphorus (and potassium) doses of Experiment 2. To 
supply sulphur, diammonium phosphate was replaced with single super-
phosphate (a common source of phosphorus containing sulphur also). Thus, the 
treatments had 0, 17, 34, 50 and 69 kg S/ha in the respective nutrient doses of 
Experiment 2.The results showed: 
(i) An almost similar pattern for various growth, physiological and 
biochemical, yield and quality parameters as in Experiment 2 albeit with 
increased values. For example, the interaction N90P30 x Hyola PAC-401 (which 
proved best in this experiment also) gave 5.7% higher seed yield and 6.3% 
higher oil yield than the same interaction in Experiment 2. Thus, provision of 
sulphur in basal alongwith nitrogen, phosphorus (and potassium) proved 
beneficial for the rapeseed -mustard crop. 
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The factorial randomized block design Experiment 4 was performed 
during 2002-2003 (i) to test whether or not the productivity of the three 
cultivars, selected in Experiments 2 and 3, could be further improved by 
exploiting the technique of foliar application of nitrogen and phosphorus and 
(ii) to examine if addition of a small quantity of sulphur in these sprays could 
further enhance the yields. The basal dose (N90P30 K30) found optimum in 
Experiment 2 formed the basis of the scheme of treatments of this experiment. 
The first aim was to be tested through foliar application of 20 kg/ha nitrogen 
and 2 kg/ha phosphorus. All plants except the control were grown with sub-
optimal basal dose of nitrogen and phosphorus determined after subCTBcting 
the amount of leaf-applied nutrients, phosphorus and/or nitrogen from it. To 
achieve the second aim, 2 kg S/ha was included in the spray treatment 
containing both nitrogen and phosphorus. For comparison, the full optimum 
basal dose was supplemented with spray of deionized water only to act as 
control. Thus, the basal (B) plus foliar (F) treatments, applied with 30 kg K/ha 
uniformly, included (i) BN9OP3O + Fw, (ii) BN7OP30 + FN2O, (iii) BN7OP28 + FN2OP2 
and (iv) BN7OP28 + FN2OP2S2- The sources of soil-applied nutrients were the same 
as in Experiment 2. Leaf-applied nitrogen, phosphorus and sulphur were 
supplied as urea, diammonium phosphate and single super phosphate 
respectively. The data revealed that: 
(i) Application of BN7OP28 + FN2OP2S2 proved best for all parameters. For 
example, this treatment increased net photosynthetic rate by 73.8%, 
seed yield by 84.5% and oil yield by 97.0% over the control (BN9O 
P30+Fw). 
(ii) Cultivar Hyola PAC-401, equalled by TERI (OE) M21-Swama for 
many parameters, including seed and oil yield, proved best in this 
experiment also. For example, Hyola PAC-401 gave 12.5% higher 
net photosynthetic rate and 9.6% higher seed yield than Rohini 
which gave the lowest value. In addition to being higher yielders, the 
oil of Hyola PAC-401 and TERI (OE) M21-Swama possessed 
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negligible (0.31-0.41%) erucic acid, whereas its percentage in Rohini 
was whopping (35.6%). 
(iii) The interaction BN70P28 + FN2OP2S2 X Hyola PAC-401 proved best for 
aknost all parameters. For example, this treatment gave 103.1% 
higher net photosynthetic rate, 103.9% higher seed yield and 101.3% 
higher oil yield than BN9OP3O + F ^ X Rohini which gave the lowest 
value. 
In Chapter 5 (Discussion), the implications of the main results have been 
discussed in the light of the finding of earlier researches in our laboratory and 
elsewhere. 
The present chapter (Summary) is a resume of the thesis. It is followed 
by an up-to-date bibliography of the references cited in the text. Lastly, an 
appendix, containing the various formulations employed for chemical analysis, 
has been appended at the end. 
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yippendloc 
APPENDIX 
Reagents for determination of carbonic anhydrase activity 
1. Bromotliyniol blue indicator in ethanol (0.002%) 
0.002 g bromothymol blue was dissolved in approximately 100 mL 
DDW. 
2. Cystein hydrochloride solution (0.2 M) 
48 g cystein hydrochloride was dissolved in sufficient DDW and final 
volume was made up to 1000 mL with DDW. 
3. Hydrochloric acid (0.05 N) 
4.3 mL pure hydrochloric acid was mixed with 005.7 mL DDW. 
4. Phosphate buffer (0.2 M) for pH 6.8 
This was prepared by dissolving 27.80 g sodium dihydrogen 
orthophosphate and 53.65 g di-sodium hydrogen orthophosphate in sufficient 
DDW separately and final volume of each was maintained up to 1000 mL with 
DDW. To get pH 6.8, 5 mL of monobasic sodium phosphate solution was 
mixed with 49 mL of dibasic sodium phosphate solution and diluted to 200 mL 
with DDW. 
5. Sodium bicarbonate solution (0.2 M) in 0.02 M sodium hydroxide 
solution 
16.8 g sodium bicarbonate was dissolved in sodium hydroxide solution 
(0.8 g NaOH/1) and final volume was maintained up to 1000 mL with the 
sodium hydroxide solution. 
Reagents for the estimation of nitrogen, phosphorus and potassium 
1. Aminonaphthol sulphonic acid 
500 mg l-amino-2-naphthol-4-sulphonic acid was dissolved in 195 mL 
15% sodium bisulphite to which 5 mL 20% sodium sulphite solution was 
added. The solution was kept in an amber coloured bottle. 
2. Molybdic acid reagent 
6.25 g ammonium molybdate was dissolved in 175 mL 10 N H2SO4. 
(ii) 
3. Nessler's reagent 
3.5 g potassium iodide was dissolved in 100 mL DDW in which 4% 
mercuric chloride was added with stirring until a slide red precipitate remains, 
then 120 g NaOH was mixed with 250 mL DDW. The mixture was kept in an 
amber coloured bottle. 
4. Sodium hydroxide solution (2.5 N) 
100 g sodium hydroxide was dissolved in sufficient DDW and final 
volume was mamtained up to 1000 mL with DDW. 
5. Sodium silicate solution (10%) 
109 sodiimi silicate was dissolved in sufficient DDW and fmal volume 
was made up to 100 mL with DDW. 
6. Sulphuric acid (10 N) 
27.2 mL sulphuric acid was mixed with 72.8 mL D^W. 
